Iowa State College Journal of Science 3.2 by unknown
IOWA STATE COLLEGE 
JOURNAL OF SCIENCE 
Published on the :first day of October, January, April and J uly. 
EDITORIAL BOARD 
EDITOR-IN-CHIEF, R. E. Buchanan. 
ASSOCIATE EDITORS : P. E. Brown, Secretary; C. J. Drake, A. H. F uller , 
I. E. Melhus, E. A. Benbrook, P. Mabel Nelson, V. E . Nelson. 
ADVISORY EDITORS: R. E . Buchanan, Chairman; C. J . Drake, E.W. Lind-
strom, I. E. Melhus, P. Mabel Nelson, 0. R. Sweeney. 
BUSINESS COMMITTEE · . P. E. •Er~wn, i::'nairmi.n; A. H . )'uller, V. E . Nelson, 
Jay W. Woodrow. : · : : 
All manuscripts su1mittei 
Buchanan, Room 101 
Iowa. 
. . . 
. . . 
. 
. . 
. 
. . . . . 
. : ·. . 
. . . . ... 
fa::· pub~icati<'n shoam & iflir~ssed to 
6cbnce Buildi11e, "J..i>wa • state College, 
R. E. 
Ames, 
All remittances should be addressed to P . E . Brown, Bus. Mgr., Room 25 
Hall of Agriculture, Iowa State College, Ames, Iowa. 
Single Copies: One Dollar; Annual Subscription Three Dollars; In Canada, 
Three Dollars and a Quarter; Foreign, Three Dollars and a Half. 
Entered as second class matter at the Post Office, Ames, Iowa. 
DI-ALKYL DI-ARYL LEAD COMPOUNDS. ANTI-KNOCK STUDIES 
By HENRY GILMAN AND LADISLAUS BALASSA 
From the Department of Ohemistry, Iowa State Oollege 
Accepted for publication Nov. 6, 1928. 
INTRODUCTION 
The most widely used anti-knock compound in internal combustion 
engines is tetraethyl lead. This is also one of the most effective compounds 
and is commonly used as a standard of comparison for other anti-knock 
compounds. 
If we assign to tetraethyl lead a relative molecular effectiveness of 118 
units it is known that diethyl diphenyl lead, on this basis, has a value of 
1101 • In other words, the replacement of two ethyl groups in tetraethyl 
lead by two phenyl groups gives a compound that is only slightly less 
effective than tetraethyl lead. This result naturally suggested the replace-
ment of the two ethyl groups by other alkyl groups. Because of the recent 
availability of the butyl alcohols, a study has been made of the four hithm--
to unknown dibutyl diphenyl lead compounds. 
The anti-knock effectiveness of three of these compounds has been 
found to be high, but not as great as that of diethyl diphenyl lead. Unfor-
tunately, it was impossible to get any satisfactory tests with what is prob-
ably the most interesting of these four new compounds: namcly, the di-
tertiary-butyl diphenyl lead. This compound has a claim to extra import-
ance because it is the first of the many organolead compounds that has a 
tertiary radical attached to lead2 • The di-tertiary-butyl diphenyl lead (un-
like the other dibutyl diphenyl lead compounds) is a solid, and organolead 
compounds which are solid at room temperature are very sparingly soluble 
in ga:soli~ and, therefore, no reliable testing of their anti-lmock properties 
can be obtained. In a series of studies, now in progress, the effectiveness of 
tertiary groups in more soluble org.anolead compounds is being investi-
gated. 
EXPERIMENTAL PART 
The 4 compounds were prepared according to the following reactions: 
(1) C6H 5MgBr+PbC12 -> (C6H 5 ) 4Pb 
(2) (C6H 5 ) 4Pb + 2Br2 -> (C6H 5 ) 2PbBr2 + 2C6H 5Br 
(3) (C6H 5 ) 2PbBr2 + 2C4H 9MgBr-> (C4H 9 hPb(C6H 5 )2 + 
2MgBr2 
Tetraphenyl lead was prepared according to the method of Pfeiffer and 
Truskier3• Subsequently, Gilman ·and Robinson4 devised improved direc-
1Boyc1, Int ernational Critical Tables, 2, 162-163. An article entitled : ''Quantitative 
effects of some compounds upon detonation in internal combustion engines. '' 
'Gilman, Sweeney and Kirby (THIS JOURNAL, 2 (1928)) have reported on the 4 
butyl triphenyl lead compounds and as stated in Ref. 3 of that article Dr. Balassa 
was the first to prepare an organolead compound having a tertiary group attached 
directly to lead. 
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tions for its preparation from the Grignard reagent and lead chloride. 
Diphenyl-lead-dibromide was obtained in almost quantitative yields by the 
method of Polis5, and was used directly after its preparation because of its 
instability, particularly when exp-0sed to light. The dibutyl diphenyl lead 
compounds were prepared by a standard procedure from the appropriate 
Grignard reagents. The tert.-butylma:gnesium chlpride was obtained after 
the directions of Gilman and Zoellner6 • Two particular reasons for the 
success in obtaining di~tertiary-·butyl diphenyl lead are: first, the addition 
of the Grignard reagent to the diphenyl-lead-dibromide; and, second, the 
use of an insufficient quantity of Grignard reagent. Both of these proced-
ures diminished the reducing tendency of tert.-•butylmagnesium chloride. 
The compounds were analyzed for lead by the method of Gilman and 
Robinson7• · 
DI-n-BUTYL DIPHENYL LEAD.-The Grignard r eagent was added 
slowly to 26 g. of diphenyl-lead-dibromide covered with 50 c.c. of ether. 
The dibromide dissolved slowly, and after all the Grignard reagent had 
been added stirring was continued for one-half hour. The reaction mixture 
was then hydrolyzed by iced ammonium chloride; and after successively 
washing the ether solution with water, dil. sodium hydroxide and then 
with water again, it was dried by sodium sulfate. On rem-0val of the ether 
by evaporation, 18 g. of a yellowish oil was obtained. At a pressure of 
14 mm. the compound underwent decomposition (accompanied by a mild 
puff) depositing a metallic mirror. 
Analysis-Cale. for C20H 28Pb: Pb, 43.58%. Foirnd : Pb, 43.18 and 
42.7%. 
DI-iso-BUTYL DIPHENYL LEAD.-This r,o.mpound was prepared 
like the di-n-butyl diphenyl lead from 26 g. of diphenyl-lead-dibromide. 
The yield of yellowish oil was 16 g. It is soluble in the common organic 
solvents, and on standing undergoes some decomposition that is accom-
pM.ied by the deposition of small quantities of a yellow precipitate. 
Analysis- Cale. for C20H 28Pb: Pb, 43.58%. Found :Pb, 43.08 and 
43.53%. 
DI-sec-BUTYL DIPHENYL LEAD.-The yellowish oil obtained in 
this preparation (following the general directions given for di-n-hutyl di-
phenyl lead) is less stable than the n- and the iso- analogues. Such decom-
position can be retarded by keeping the compound cold, hut even under such 
conditions a solid decomposition product is slowly formed. 
The comparative instaJbility of our di-sec-butyl diphenyl lead is in 
agreement with a general observation that '' secondary alkyl groups give the 
compounds a much lower stability than the corresponding primary 
groups " 8• 
'Pfeiffer and Truskier, Ber., 37, 1125 (1904). 
'Gilman and Robinson, J. Am. Chem. Soc., 491 2315 (1927). 
'Polis, Ber., 20, 3332 (1887) . 
'Gilman and Zoellner, J. Am. Chem. Soc., 50, 425 (1928) . 
'Gilman and Robinson, ibid., 50, 1714 (1928). 
•calingae1·t, ''Organic Compounds of L ead, '' Chemical Reviews, 2, 43 ( 1926) . This is 
the most r ecent and authoritative treatise on organolead compounds. 
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Analysis-Cale. for C20H 28Pb: Pb, 43.58%. Found: Pb, 44.21 and 
44.6%. 
DI-tert-BUTYL DIPHENYL LEAD.-In a first preparation, the 
diphenyl-lead-dibromide was added slowly to the Grignard reagent. A 
vigorous reaction took p'1ace, and apparently the tertiary-Grignard r eagent 
acted in part as a reducing agent inasmuch as considerable metallic lead 
separated. 
In another preparation, an insufficient quantity of the Grignar d re-
agent was added to the dibromide with better results. The reaction took 
place at once and was accompanied by the formation of a yellow product. 
After working up the reaction mixture in the customary manner the solid 
products were purified by dissolving in hot alcohol and then partially 
precipitating by the addition of water. The compound is readily soluble 
in most organic solvents, and crystallizes from ether as microscopic needles. 
The yield of compound that sinters at 174° and melts unclearly at 177° 
was 32%. 
Analysis- Cale. for C20H 28Pb: Pb, 43.58%. Found: Pb, 43.46 and 
43.41%. 
It is worthy of note that even these relatively heavy molecular organo-
lead compounds induced a malaise somewhat characteristic of volatile lead 
compounds. 
RELATIVE ANTI-KNOCK EFFECTIVENESS OF THE COMPOUNDS 
' 'Solutions of the three liquids were made up in a commercial gaso-
line at concentrations equivalent to approximately 2.0 grams of metallic 
lead per gallon of gasoline. These solutions were matched in two knock 
testing engines against the same gasoline containing increasing amounts of 
tetraethyl lead. The results given below are expressed as moles of tetra-
ethyl lead necessary to produce the same anti-knock effect as one m-0le of 
the compound. 
di-normal butyl diphenyl lead .... .... ... . .... 0.33 
di-isobutyl di phenyl lead .......... ......... . 0.38 
di-secondary butyl di phenyl lead ....... ...... 0.45 
J<,rnm these results one may conclude that both the n-butyl and the iso-
butyl compounds are about one-third as efficient as tetraethyl lead on a 
mole basis. The sec-butyl is somewhat more efficient, but not quite one-half 
as much as tetraethyl lead. 
The stability -0f the compounds in gasoline solution is of the same order 
when no solvent. is used: namely, the normal is much more stable than the 
iso and secondary compounds.'' 
As mentioned in the "Introduction", no satisfactory test could be 
made with the solid tert.-butyl compound. 
SUMMARY 
The four di-butyl diphenyl lead compounds have been prepared and 
tested for their relative anti-knock effectiveness. 

THE PREPARATION OF SOME PERFUMES AND FLAVORING 
EXTRACTS FROM FURFURAL AND ITS DERIVATIVES. 
ESTERS OF ,B-FURYLACRYLIC ACID1 
By HENRY GILMAN AND GEORGE F. WRIGHT 
From the Department of Chemistry, Iowa State College. 
Accepted for publication Nov. 6, 1928. 
INTRODUCTION 
In connection with the preparation of ethyl ,B-furylacrylate, details 
of which were reported recently in THIS JOURNAL2, we were impressed 
with the pronounced aromatic and pleasant odor of this ester. This sug-
gested a study of related esters that might be of equal or greater attractive-
ness in inv,estigations concerned with the utilization of furfural and its de-
rivatives. A number of these esters, most of them new compounds, have 
been prepared and tested for their perfume and flavoring qualities. The 
distinctly favorable reports on these compounds have warranted the ex-
tension of this investigation to other derivatives of furfural. 
EXPERIMENT AL 
Gibson and Kahnweiler3 prepared methyl and ethyl ,B-furylacrylate; 
Herzog, Hildesheimer and Medicus4 prepared the isoamyl ester; and Gil-
,man and Pickens5 prepared the benzyl ester in studies on the correlation 
of structure with physiological action. 
The eRters reported here were prepared by a wide variety of methods. 
No effort was made to qetermine optimal conditions. Unquestionably the 
yields can be significantly improved. 
METHYL ESTER.-This ester was obtained in a 26.3% yield by 
heating potassium furylacrylate with an equimolecular quantity of dimethyl 
sulfate for several hours on a water bath. 
ETHYL ESTER.-See Ref. 2. 
n-PROPYL ESTER.-A 77.7% yield of this ester was obtained in a 
0.4 mole run from,B-furylacrylic acid chloride and n-propyl alcohol. The 
alcohol in 100 c.c. dry benzene was added to 0.4 mole of the acid chloride 
in 150 c.c. of benzene and the mixture refluxed for 4.5 hours or until evo-
lution of hydrogen chloride ceased. The product was worked up in a cus-
tomary manner by fractional vacuum distillation. 
'This is one of a series of studies in organic chemistry concerned with the utilization of 
agricultural wastes. The authors gratefully acknowledge help from the Industrial 
Science Research Fund for the defrayal of expenses incurred in this investigation. 
'Gilman, Brown and Jones, THIS JOURNLl.L, 2, 317-319 (1928). 
'Gibson and K ahnweiler, Lim. Chem. J., 12, 314 (1890). 
•Herzog, Hildesheimer and Medicus, Z. angew. Chem. 34, 57 (1921). 
This article mentions the ''amyl'' ester, but gives neither an analysis nor a de-
scription of the properties of the ester. 
"Gilman and Pickens, J. Lim. Chem. Soc., 47, 245 (1925). 
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The ,8-furylacrylic acid chloride used in this and some other prepara-
tions was obtained in a 90% yield by heating 0.5 mole of the acid, 0.75 mole 
thionyl chloride, and 350 c.c. of benzene. The time of heating was 2.5 
hours, and in an experiment where the period of refluxing was 3 hours the 
yield was 80%. The acid chloride boiled at 106.5° /6 mm. and 
121-123° /14-16 mm. 
ISO-PROPYL ESTER.-When prepared according to the method 
used with the n-propyl ester, the yield was 46%. 
In a first experiment, a Claisen condensation was carried out between 
:furfural and isopl'lopyl acetate, using sodamide as the condensing agent. 
After all the furfural had been added at -5° to 0°, the temperature was 
allowed to rise slowly. to that of the room, and a vigorous reaction took 
place at 17°. After working up the r.eaction mixture in the custornary 
manner (see Ref. 2) it was noticed that considerable unaltered sodamide 
was present. The yi·eld of ester by this method was 10%. 
n-BUTYL ESTER.-This ester was obtained in a 44.3% yield by re-
fluxing on a water bath for 3 hours a mixture of 0.25 mole furylacrylic 
acid, 0.75 mole n-butyl alcohol and one mole of dil. sulfuric acid (preparer. 
from one part acid with two of water) . This was the only ester of thosi; 
prepared that did not appreciably darken (over a 5 month period) on 
standing. 
n-AMYL ESTER.-From O.funole ·of furylacrylic acid, 1.5 moles 
n-amyl alcohol and 2 moles dil. sulfuric acid and a 5 hour period of re-
fluxing there was obtained a 20% yield of this ester. Considerable diffi-
culty was experienced in a first vacuum distillaton, the ester boiling over a 
wide range: namely, 121-140° /2-2.5 mm. On redistiUation at 4 mm. the 
compound boiled at 119-120.5°. 
BENZYL ESTER.-Sodium furylacrylate (0.5 mole prepared by evap-
orating to dryness the solution obtained from furylacrylic acid and sodium 
hydroxide) was heated with 0.5 mole benzyl chloride. The yield was 
22.4%. During the 8 hour period of heating the temperature (of the--ioil 
bath) was gradually raised from 130° to 230°. 
FURFURYL ESTER.- Furfuryl alcohol (0.45 mole in 50 c.c. of ben-
zene) was added very slowly to a refluxed solution of 0.4 mole of furylac-
rylic acid chloride in 150 c.c. of benzene. The mixture darkened somewhat 
during the reaction, which was extended for one hour after the addition 
of all of the alcohol. In distilling off the benzene at 740 mm., the mix-
ture decomposed at 93°, leaving a ca1'bonaceous residue that contained 
:some furylacrylic acid. 
The experiment was repeated, but this time the solvent was removed 
by vacuum distillation. The residue was crystallized 5 times from petro-
leum ether (b.p. 42-60°) by chilling with an ice-salt froozing mixture. The 
impure portion separated first, by such crystallization. The several frac-
tions of purer ester were finally crystallized from 95% alcohol a.> well 
defined rhombohedral crystals melting at 52°; the yield was 44.5%. 
Each ester reported here was hydrolyzed by alcoholic potash, and the 
acid (obtained by acidification with hydrochloric acid) was identified as 
,8-furylacrylic acid by means of a mixed melting point determination made 
with an authentic specimen. The esters hydrolyze with great ease. Ill 
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TABLE I. CONSTANTS AND ANALYSIS OF ESTERS OF ,S-FURYLACRYLIC 
ACID. 
I Saponi-1 / Analysis 20 20 :fication / I d n Equiv- I Mol. \ Cale. J Found 
Ester M.~P~·l_~B=.P_.__,_ __ 4. _ _c_ __ D_~_a_le_nt-_W_t_. ~--o/._o_C~J _%_H~J_3_o_C~) _%_H_ 
MethYl~l27 II ~!~~ 1.4447 152 / / / / 
~E~th-y7l --'.-l---ol.--=-1=~~. =~--;----c-1~.=52~8~6--o-1~6=1-7-1~66-~,--1 I I 
1.0744 11.5229 167 .i80 166.6616.661 65.851 6.58 n-Propyl I I 
I ! 
119/7 
mm. 
iso-Propyl II ~~~% 1 1.0503 11.5146 176 180 I 66.661 6.661 66.31/ 6.62 
n-Butyl i l~~~ 1 1.0482 11.5129 184 194 168.04/ 7.211 67.54/ 7.42 
n-Amyl / 1~~~~ 1 1.0322 1 1.5083 197 208 1 69.231 7.691 69.371 7.30 
=B-en-,z~y 1--,,--7-14....,2=-=4~3-;-i-2-=-~-~m_/1-· 2---i/c--_---il----;---=-=c=--i~2=2~8--cl ~~ I I I 
.Furfuryl J 52 J decomp. J I 206 218 J 66.0SI 4.58J 65.711 4.70 
fact, the amyl ester is apprecia1bly hydrolyzed by water on very short 
standing at room temperature. 
REPORT ON PERFUME AND FLAVORING QUALITIES 
The authors are indebted to Fritzsche Brothers, Inc., of New York 
for the following certificate of analysis. 
METHYL ESTER-Resembles methyl and benzyl cinnamate with a 
suggestion of clove. Should prove useful in perfUimery for disguising and 
obtaining new notes. Acetophenone odor; slight raisin-like taste. 
E THYL ESTER-Would make an excellent maple, walnut and cof-
iPe r.onstiituen t. 
n-PROPYL ESTER-Of more interest in flavors than perfumes. 
Might prov·e useful in pear. Fatty odor, like higher est ers of caprinic and 
tiglic acids. Dried apple peels. 
iso-PROPYL ESTER-S·hould prove valmvble not only for perfumes 
but also for flavors. Closely resembles methyl cinnamate, and when dry 
reminds of caraway. Due to its fruity cinnamate character it should prove 
valuable for use in champaca. 
n-BUTYL ESTER-When dry resembles methyl anthranilate, except 
that its odor is cold. Remindful of amyl or iso-butyl salicylate. 
n-AMYL ESTER-In dry stage resembles iso-butyl and amyl salicy-
lates, but has a mor.e fruity odor. Seems very persi&tent, and has held on a 
blotting paper for 24 hours. Sharp, sour odor reminding in the last stages 
of rose. Apple and slight raisin taste. 
BENZYL ESTER- Odor like benzyl benzoate. Taste quite charac-
teristic -of raisin. 
FURFURYL ESTER- Very slight odor, not very characteristic. 
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The physiological action of these esters has not yet been determined. 
The authors are grateful to Fritzsche Brothers, Inc., of New York for 
the detailed tests; to John .A. Leermakers for a part of the experimentel 
work; and to the Miner Laboratories of Chic.ago for liberal supplies of fur-
fural. 
SUMMARY 
A number of esters of ,8-furylacrylic acid have been prepared and. 
tested for their perfume and flavoring qualities. 
THE ISOLATION OF SOME NITRIFYING ORGANISMS1 
By D. H . NELSON' 
From the Depai·trnent of Soil Bact eriology, Iowa State College. 
Accepted for publication Dec. 15, 1928. 
INTRODUCTION 
Much general information regarding the process of nitrification has 
been available for many years. In fact, the production of nitre by allow-
ing animal and vegetable matter rich in nitrogen to undergo the process of 
decay under carefully controlled conditions, has been an important in-
dustry for ages in India; and even in some of the European countries, espe-
cially in France, during the years when she was at war with England, 
whose superior naval power prevented the importation of nitre. Purely 
-empirical instructions were frequently ·given by the governments in regard 
to the aeration, temperature, and moisture conditions which should be 
maintained in the production of nitrates. The nature of the p1'ocess, how-
l':ver , was unknown. 
The early theories of nitrification were chiefly chemical, such as those 
of Kuhlmann (30) and Dumas (15) . The oxidation occurring in soil was 
thought to be similar to catalytic reactions known at the time, the soil act-
ing as a catalyst. 
P asteur ( 43) suggested the biological theory in 1862. It slowly gained 
ground, but it wais not until the classical experiments of Schloesing and 
Muntz (46, 47) in 1877-78 that this theory was definitely proved. These 
authors also tried to isolaite the specific organisms causing the oxidation, 
but failed, as did several other workers of that tiinie. 
That nitrification is an important phenomenon in nature is readily 
seen from the facts, (1) thwt higher plants, with few exceptions, grow bet-
ter with nitrates as a source of nitrogen than with any other source, and 
(2) that nitrates are the end products of protein decomposition in sewage 
as well as in soil. 
REVIEW OF LITERATURE 
Interest in the isolation of the nitrifying organisms began with the 
proof that nitrification is a biological process. Schloesing and Murutz 
( 46, 47) succeeded in showing that heat and antiseptics w-0uld stop the pro-
cess and that it would begin again as .soon as a very small amount of fresh 
soil was introduced into the medium. They failed, however, to isolate the 
organisms responsible for the nitrate production. They believed that the 
orgainisms were yeast-like for,ms. They proved that the organisms were 
'Par t II of a thesis submitted to the graduate faculty of the Iowa State College in 
partial fulfillment of the requirements for the degree Doctor of Philosophy. 
'Formerly Research F ellow in Soils. During the course of this work the author has 
discussed his problem with Dr. P. E. Brown, Dean R. E . Buchanan, Dr. Paul 
Emerson, Dr. Fred Smith, and Dr. C. H. Werkman. For their encouragement, 
helpful suggestions and criticisms he wishes to express his appreciation. He is 
cRpccially indebted to Dr. P. E. Brown for reading and criticising the manuscript. 
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absent from air, present in small numbers in ordinary water, more abun-
dant in sewage, and very abundant in soil. Ninety degrees centigrade was 
found sufficient to inhibit the reaction and 100 degrees centigrade invari-
ably killed the organisms. Soils treated with chloroform regained nitri-
fying activity more slowly than similar soils after being heated. 
Heraeus (23) in studying sewage, isolated twelve organisms which he 
called alpha, beta, gamma, etc., of which he claimed the rho, sigma, phi 
and chi forms had nitrifying powers. His work has not been repeated, and 
subsequent workers have doubted the validity of his claims. 
W arington ( 55, 56) carried out extensive and careful experiments 
with nitrifying organisms. He found that nitrification takes place in two 
stages; first, the oxidation of ammonia to nitrites; and second, the oxida-
tion of nitrites to nitrates. He found further that nitrification would take 
place in the presence of urea, asparagine, milk or urine. 
He isolated some organisms by means of gelatin and agar plates fro;m 
his nirtrifying cultures, but they would not nitrify when introduced into 
mineral solutions. Some of the organisms in his cultur.es were like those de-
scribed later by Winog1'adsky, but since they were not isolated by a plate 
method, they probably were not pure. 
The Franklands (16), after two years of study, using chiefly the dilu-
tion method, believed they had a pure ·culture of nitrifiers. They described 
the organism as a short rod, 0.8 micron long and nearly as thick. They 
cultivated this organi~ in mineral solution for nearly three years. 
The first American investigators to study the problem were Jordan 
and Richards (25), who proved that nitrifiers were invariably present in 
ordinary water; and although they failed to isolate the organism by the 
gelatin plate method, they claim to have succeeded by means of dilution. 
Their criteria of purity were (1) oxidation of ammonia and (2) the micro-
scopic appearance of the organisms. 
Leone (31) believed that certain organisms may successively produce 
nitrates and reduce them, .according to the environmental conditions. 
Winogradsky (60, 61) began his studies on the nitrifying organisms in 
1890. He had made outstanding contributions to our knowledge of the 
sulfur and iron bacteria and was attracted to this field perhaps because 
here was a group of organisms which, like those he had been studying, had 
the power of oxidizing inorganic materia1s. He succeeded in isolating a 
motile, ovoid, organism which he named Nitrosomonas, which would oxidize 
ammmonia to nitrirtes very rapidly in suitable media and would not grow 
on the gelatin plates. Fivo species of organisms, which he ca.Ned alpha, 
beta, gamma, delta and epsilon, wer.e difficult to eliminate from his enrich-
ment cultures. Of these, the beta and epsilon forms were described as 
follows: ''Beta, un petit oidium interessant, formant sur la gelatine des 
colonies roses. Epsi:lon un orgiani&Ille etrange n 'appartenant probaJblement 
pas aux bacteries, mais au groupe des especes bourgeonantes (Spross-
pilze)." The others were a micrococcus, a long rod and a short rod, re-
spectively. 
By using recrystallized salts and twic.e distilled water, he finally suc-
ceeded in eliminating all these forms except the epsilon. To eliminate this 
organism he seeded some magnesium ca1,bonate sediment from a nitrifying 
culture on gelatin plates. The epsilon organism grew well, forming visible 
colonies. Here and there on the plates were found carbonate particles re--
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mote from the epsilon colonies, which by examination were found to be 
covered with small ovoid organisms. When this organism was transferred 
to a minernl solution it oxidized ammonia to nitrites and was found to be 
free from the epsilon form by its failure to show growth on gelatin. This 
process has since been known as the inverse gelatin method of isolating 
nitrifiers. 
Winogradsky expressed disappointment that his alpha, beta, etc., 
forms could not nitrify ammonia. He later isolated other species of the 
genus Nitrosomonas, and also a nitrite-oxidizing organism which he named 
Nitrobacter. This, too, was a small ovoid organism whose length was never 
more than one-half micromillimeter and the thickness much less. 
Working alone and with Omeliansky (58, 59) he canied out many 
physiological studies on these organisms. He determined the ratio of nitro-
gen oxidized to carbon reduced and found it to be 35 :1 for Nitrosomonas 
and 40 :1 for Nitrobacter. By determining the total carbon at the time of 
inoculation and the total and organic carbon at the end of the incubation 
period, he was a;ble to show that carbon c.ame into the solution in an amount 
equal to the organic ca11bon formed. SOlluble organic matter was found to 
be very toxic to these organisms. 
Later Winogradsky improved his methods for the isolation of these 
organisms by using siliea gel plates. A finely drawn glass tube or rod was 
used for transfer1'ing the minute microscopic colonies. Inoculations were 
made into alkaline broth and if no growth occurred, the cultures were con-
sidered pure. It is a significant fact, as pointed out by Gibbs (19), that 
Winogradsky 's work has never been repeated in its entirety! 
Godlewsky (20, 21) succeeded in confirming Winogradsky's results 
with respect to the source of carbon. He also showed that carbon dioxid 
is necessary for the meta:bolism of the organisms. 
Burri and Stutzer (10, 11) isolated a nitrate-forming organism. They 
claimed it w<mld grow in broth. However, Winogmdsky obtained one of 
tl1eir "puTe" cultures and isolated from it not only the nitrate org.aniSiffi. 
but also two other forms. The rather severe criticism by the Russian 
bacteriologist was answered by Stutz er and Hartl~b ( 50), who pointed out 
the difficulties which Winogradsky had encountered in his isoiation studies. 
Later Stutzer ( 49) isolated and studied the nitrifiers and showed that, 
while most organic matter is toxic, soil extract, "aibkochung", is not. Still 
later these authors isolated an organism which they called Nitromicrobiuin 
and another called Hyphomicrobium. Their description of the latter, as 
Gowda (22) points out, resembles that for certain actinomycetes. 
Omeliansky (38) reports some experiments which were designed to 
show that pure cultures of nitrifiers could not nitrify urine, urea, egg 
albumin, aspamgin, or bouillon, as had been reported. He took special 
precautions to eliminate all traces of ammonia from all cultures at the be-
gim1ing. The organisms isolated by Winograclsky's method were used. No 
trace of nitrites ·or nitrates appeared. This worker later, 1899 (39), in-
troduced the gypsum block as a suitable solid substratum for growing these 
organisms, when the usual solution of salts was used. He found that 
small drop-like colonies appeared in 3 to 4 days, and in 10 to 14 days the 
colonies were 0.25 to 0.50 mm. in diameter. He ( 40) also grew the nitrite-
forming organism on pads of high grade filter paper, stitched together with 
fine thread, sterilized in petri dishes, and soaked with a mineral solution. 
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Fremlin (18) used agar, gelatin and silica gel plates for isolating the 
Nitroso-bacterium. His experiments tend t o show that the organism often 
loses its power of oxidizing ammonia when grown in organic media, but 
that this power is regained by passing through sterile soil. Some cultures, 
however, showed oxidation on the first transfer. Fifty-three culture-flasks 
were seeded with pieces of beef~broth agar containing the organisms and in 
20 of them an oxidation of the nitrogen occurred. In nineteen similar flasks 
inoculated with pieces of agar from the same plates, but taken from por-
t ions of the plates where no growth could be detected, there was no oxida-
tion. The organism studied was ovoid, resembling Winogradsky's Nitro-
.~omonas. 
Boullanger and Masso'l (7, 8), using the silica gel plates, claim to have 
isolated both nitrifying organisms. They tested several ammonium com-
pounds in various concentrations ,and found that 30 grams of ammonium 
sulfate per liter greatly retarded nitrite formation, and 20 gmms of sodium 
nitrite per liter hindered nitrate formation. Thirty-seven degrees centi-
gmde was found to be the optimum temperature for nitrite formation and 
at 45 degrees the reaction stopped. For the nitrate former 55 degrees was 
required to stop the reaction. 
These workers tested several materials such as cinders, crushed porce-
lain, pumice, crushed bricks and sand placed in the medium to increase 
aeration. Of these materials, cinders, "scories," was found to be the best 
for both nitrite and nitrate formation. 
Using Winogradsky's inverse gelatin method described a;bove, Wimmer 
( 57) isolated the two nitrifying organisms which he said were similar t o 
those isolated by Winogradsky and should, therefore, belong to the same 
genera. These would not grow in bouillon. He studied the effects of sol-
uble organic matter and found that it was toxic in the higher concentra-
tions. Using sand reduced the rtoxicity of these organic materials con-
siderably. 
Perotti ( 44) isolated a nitrite-forming coccus by means of the silica 
gel plates. It was 0.6 to 0.8.u in diameter and appeared slightly ovoid at 
times. It was motile by means of one flagellum, gram negative, and was 
usually found in groups of two to six cells. 
While studying some hydrogen-oxidizing organisms, Kaserer (27) iso-
lated two species of organisms which he named Bacillns nitrator and Bacil-
liis azotofluorescens, respectiYely. The first of these he found would oxidize 
ammonia to nitrates without forming nitrites. The second would oxidize 
ammonia, liberating free nitrogen. These studies have never been con-
firmed. 
Thomsen (51) isolated some nitrifying organisms from sea water. 
They were like those described by Winogradsky and were found chiefly in 
waters close to the shore. They were seldom found beyond the depth of 
100 meters. 
Coleman (12 ) demonstrated that dextrose in low concentrations in soil 
and sand was actually stimulating to nitrification. In higher concentra-
tions it became first indifferent and finally toxic. Sucrose, glycerin and 
lactose also were stimulating in low concentrations, but less so than dex-
trose. Peptone and urea were toxic in comparatively low concentrations. 
The optimum moisture was found to be 16 percent. Coleman emphasized 
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the importance of aeration in the process and he found carbon disulfide 
very toxic to the organisms. 
Owen ( 42) r.eports a study on the effects of carbonates on nitrification. 
It is doubtful if he had pure cultures, for his photomicrographs do not in-
dicate it and his methods <3iS described are rather inadequate. 
Makrinoff (34) studied the effects of organic substances on nitrifying 
bacteria grown on gypsum blocks, in soil, and in solutions to which soil had 
been added. He found that ·a longer time was needed before oxidation 
took place in solutions to w.hich considerable soil had been added than in 
pure mineral solutions. Soil extracts were more toxic in solution cultures 
than when used with the gypsum blocks. One nitrite culture was obtained 
from Omeliansky and the author isolated others by means of silica gel 
plates. The organisms studied were similar to those isolated by Wino-
gradsky. 
Millard (37), using the dilution method, found that 100,000 nitrifiers 
were present per gram in the soil studied. The:::-e were none present in 
dung. 
Beijerinck (3) isolated a nitrate-forming organism from the soils of 
Delft by .means of silica gel and washed agar plates. It resembled Nitro-
bacter, but would grow in organic media. He found, however, that this 
organism lost its power to oxidize nitrites when so grown. He named the 
oxidizing form Nitrobac;,ter oligotrophum and the non-oxidizing form, 
Nitrobacter polytrophurn. This latter fo:QIU did not regain its power to oxi-
dize nitrites after being grown in organic media. 
A membrane formed on the surface of his crude culture.s, which he 
called mother of nitrate, "Nit11atmutter". This contained many organisms 
including severa;l species of the Actinomyces. Most of these were readily 
eliminated in the enrichment cultures, but two species, Actinobacillus oli-
gocarbophilus and Actinobacillus paulotrophus, of the order Actinomyce-
tales, and a short rod, which he named Bacillus nitroxus, were harder to 
eliminate. 
Joshi (26) descrilbed a nitrifying organism which was undoubtedly one 
of the Actinomyces. His description of the culture and his photomicro-
graphs are quite convincing. This organism produced nitrites from am-
monia in Omeliansky's solution. Three rod-shaped organisms, which he 
called intruders. are mentioned, but not described. 
He studied the effects of dextrose, asparagine and urea on the organ-
isms. One-tenth of a gram of dextrose in 50 c.c. of solution stimulated 
nitrite production, while 0.2 gram stopped it; 0.1 gram of asparagine stim-
ulated nitrite production, ·but 0.2 gram retarded it; both 0.1 and 0.2 gram 
of urea stimulated nitrite production. Carbon dioxid and coal gas stimu-
lated nitrification and calcium carbonate wa:s found superior to magnesium 
carbonate as a base. The thermal death point was between 70 and 80 de-
grees centigrade and the optimum for growth was between 25 and 35 de-
grees centigrade. 
Hopkins ·and Whiting (24) studied the effects of nitrification on the solu-
bility of phosphates and found that the nitrite-forming organism had a 
much greater solvent effect on these materials than the nitrate-forming 
organism. 
Russel and Bartow ( 45) rep-0rt the isolation of the nitrifiers from acti-
vated sludge. The nitrite organism produced 0.1 to 0.2 parts per million 
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of nitrites in sterilized sludge and the two growing together formed traces 
of nitrites and nitrates. The fresh sludge in the same time produced 12 
parts per million. The nitrogen analysis of the sludge used is not given, so 
the r esults are difficult to interpret properly. 
Allen and Bonazzi (1) conducted experiments on nitrification. They 
pointed out the need for physiological studies on the nitrifying organisms, 
which Bonazzi ( 4, 5, 6) later carried on. This worker isolated a coccus 
which formed nitrites quite rapidly and named it Nitrosococcus. He found 
that aeration, agitation of the cultures, and free carbon dioxid were neces-
sary for the most rapid nitrification in liquid media. 
The broth test, using a loopful of culture for inoculum, and the micro-
scopic examination of the cultures, were his criteria of purity. This was 
criticized by Gibbs (19), w:ho claimed that a larger inoculum than Bonazzi 
used, namely l/2 c.c. was necessary to insure the absence of contaminators. 
Gibbs (19) reports the isolation of the nitrifiers and certain physiologi-
cal studies. H e found that the method used by Bonazzi gave conflicting re-
sults, but if it was modified, i. e., using one-half c.c. of the culture as in-
oculum in the broth test, he obtained consistent results. However, it is 
noteworthy that his cultures meeting this condition of purity, rapidly lost 
their power to oxidize ammonia. His expfLanation of this fact (physiologi-
cal degeneration from growing on a solid medium), seems to the present 
writer wholly inadequate. 
He describes briefly three forms which were eliminated with some 
difficulty from his cultures. 
Fred and Davenport (17) studied the effects of organic matter on a 
nitrate former which they isolated by means of dilutions and plating on 
washed agar. Nahrstoff-Heyden solution was inoculated with on&half c.c. 
of culture and if it remained sterile after two weeks incubation, the cul-
ture was considered pure. These investigators say that the nitrate-forming 
organism will remain alive for two to six weeks and perhaps longer in 1 per-
cent Nahrstoff-Heyden, .gelatin, peptone, casein, yeast water, milk or dis-
tiHed water; but they found that the organism dies very rapidly in 1 per-
cent ·beef extract. 
Gowda (22) was unable to obtain consistent results with the broth test. 
The cultures, which were sterile at fil'St, were either found to be contami-
nated later o.r they would not nitrify. Five organisms, two bacteria and 
three Actinomyces, which were more or '1ess constant contaminators, are 
descrilbed. Some physiological studies are also reported. 
Loew (32, 33) in 1891 discussed the chemistry of the nitrifying pro-
cess. He concluded that the f<Yllowing equations prdbably represent the 
transformations of nitrite formation and carbon reduction: 
1. 2NH3 + 202 = 2HN02 + 4H 
2. C02 + 4H = H 20 + HCHO 
The formaldehyde could be used directly or polymerized to one of thP 
higher carbohydrates, and then be assimilated. 
Meyerhof ( 36) , in a series of three papers, reports his studies on tht 
respiration of nitrifying bacteria. His organisms were Oibtained from 
Omelia.ru;ky. Those interested in the physiology of these organisms will 
find these papers very interesting. This phase of the subject is also well 
~ummarized by Kostytschew (28) and Buchanan and Fulmer (9). 
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PRELIMINARY TESTS 
The object of these tests was to isolate in pure culture some of the 
nitrifying organisms. 
I. 
A slightly modified Omeliansky solution wftS prepared, having the 
following com position : ( NH4 ) 2SO 4 , 1 gram ; K2KPO 4 , 1 gram ; Na Cl, 2 
gra,ms ; MgS04 , 0.5 gram; Fe2 (S01 ) 3 , trace; Mn!S04 , trace; H 20, 1 liter; 
MgC03 , excess. This is Medium 1. The MgC03 was sterilized separately 
as a suspension and added with a sterile pipette. 500 c.c. Erlenmeyer 
fl asks were used in all of these experiments with 100 c.c. of culture solu-
tion. 
A few grams of Carrington loam were used as the inoculum and the 
culture incubated for two weeks. At this time a fairly strong nitrite re-
action seemed to indicate that there were enough nitrifiers present to isolate. 
Fifteen grams of washed agar were added to a liter of Medium 1, in 
which 0.5 gram K 2C03 was substituted for the MgC03• Plates were poured 
in the usual way. A few strands of sterile glass wool were dipped in the 
culture and placed on the surface of the plates to see if colonies would 
form and make it easier to locate them. 
In 5 to 7 days colonies appeared all along the glass hairs. They were 
chiefly yellowish-brown, round or oval, some flat and others slightly raised 
in the center. 
Severai of these were picked out with a micropipette and inoculated 
into Medium 1. After shaking one-half c.c. was inoculated into nutrient 
broth of the following composition: Beef-extract, 3 grams; peptone, 7 
grams; K 2C0 3 , 0.5 gram; H 20, 1 liter; pH, 6.8. Distilled water only was 
used in these experiments. 
All cultures showed oxidation ·and all showed growth in broth. 
II 
It was evident from Test I that there were enough organisms present 
in the cultures to isolate, but the colonies were too numerous and close to-
gether to allow isolation of a single species. In view of this fact, plates 
were prepared in the following manner : 
Solutions A, B, and C, modifications of those used by Qiibbs (19) were 
prepared. They had the following composition: 
A. K 2HP04 , 1.5 gram per 100 c.c. 
B. (NH4 ) 2S04 , 0.75 gram 
MgS04 , 0.75 gram 
Fe2 (S04 ) 3 , trace 
MnS04 , trace 
H 20, 100 c.c. 
C. NaCl, 3.0 gram 
Na2C03, 1.0 g11am 
H 20, 100 c.c. 
These solutions were sterilized separately and added to the p'lates when 
pouring the agar, 1 c.c. of each solution per plate. The agar used was 
one and one-half percent washed agar in distilled water, about 10 c.c. be-
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ing used per plate. The inoculum, 1 c.c. of a dilution of one of the cultures. 
was mixed with the a:gar by rotating the plates before the agar was al'. 
lowed to set. They were incubated under a bell jar to check evaporation, 
and examined from time to time with the microscope. 
Microscopic colonies appeared in 10 days. Two kinds were chiefly 
i~ evidence. These were (1) spreading, slightly yellow without any defi-
mte fo:rm, always on the surface; (2) subsurface, oblong, clearly granular, 
yellowish-brown. The surface colonies were easily transferred with the 
micropipette (a modification of Barbers apparatus (2), but the subsurface 
colonies were difficult to remove. However, a number of each type were 
transferred to Medium 1 and tests made in broth as described in Test 1. 
All fl.asks showed oxidation and all broth tubes became cloudy. 
Two species of Actinomyces were removed from ·one of these plates and 
cultivat~d on nutri~nt agar, a medium made by adding 15 grams of agal' 
to one h.ter of nutn~nt broth. These cultures were replated and kept in 
the refrigerator until later. They will be called Actinomyces 200 and 
Actinomyces 300, respectively. 
III. 
Having failed to obtain pure cultures with washed agar, it was de-
cided to try isolation with silica gel plates. These were prepared by the 
method outlined by Waksman and Carey ( 53), being dialyzed, however, 
with distined water until free from chlorides and allowed to dry two or 
three days before adding the nutrient salts. These salts were supplied by 
adding 1 c.c. of each of solutions A, B and C of Test II to each plate. After 
allowing the plates to dry again under a cover to keep out the dust, they 
were carefully flamed and covered with sterile covers. Inoculations were 
made with sterile pipettes, one-half c.c. of a suspension of organisms being 
added to the center of the plate and allowing it to spread. 
Colonies developed somewhat more slowly on these plates than on 
washed agar, but they were about the same in form and size. In all the 
first transfers of these colonies oxidation occurred and growth took place 
in broth. 
One plate after nearly one month's incubation showed several quite 
uniform colonies. They were ovoid, raised in the center, granular as seen 
with the high power lens, and rather dark brown. These were easily trans-
ferred with a micropipette and twelve fl.asks of Medium 1 were inoculated. 
All of these cultures showed growth in broth in one week. The oxidation 
of ammonium sulfate was somewhat slower than in previous tests. At the 
end of 10 days it was thought well to test these cultures again with nutrient 
broth. Accordingly, one-half c.c. from each fl.ask was transferred to broth 
tubes. Eight tubes showed rapid growth, but the other four remained per-
fectly clear. After several weeks these cultures were again tested and this 
tiµne rapid growth occurred in the broth. By this test, then, these four 
cultures were at first impure, then pure, and fin.ally impure a:gain. Nutrient 
agar plates were poured and inoculated from a dilution of culture number 
8, one of the four cultures just mentioned. Only one type of organism 
developed. The surface colonies were round, white by reflected light and 
light blue by transmitted light. The subsurface colones were ovoid, yellow-
ish~brown, and granular as seen with t he high power dry lens. The organ-
ism was a coccus and is called coccus 800 in this paper. 
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EXP ERIMENTAL 
Before presenting the results of these experiments a short discussion 
of the problem will be given. 
From the brief review of the .subject given earlier, certain facts stand 
out rather prominently. Fi1"1St, the so-called contaminators have been noted 
by all students of the subject. These organisms have persisted in dilution 
tests almost indefintely, in fact the Franklands (16) are the on'ly inves-
tigators who believe they obtained pure cultures by this method and they 
carried on their studies for two years. Winogradsky found it impossible to 
eliminate the last of these organisms without plating. Why do these organ-
isms persist in mineral solutions 1 
Second, the broth test has not given consistent results. If Gibbs' (19) 
contention is correct that at least one-half c.c. of the culture must be trans-
ferred. to make the test reliable, then all previous work must be unreliable, 
for no one used such large inoculations1 • Gowda (22) could not obtain con-
sistent results with this test even when he used one-half c.c. and it is no less 
significant that the cultures of Gibbs, which met his criterion of purity, in 
most cases lost their power to oxidize ammonia as well. In T'est II just 
discussed, the cultures were first impure, later pure and finally impure 
again by this test. 
Third, by what energy do the contaminating forms continue to func-
tion in a mineral medium 1 One would infer that they multiply or it 
should be a rather simple matter to eliminate them from a cu'lture by the 
uilution method. There is only one plentiful supply of energy in these 
solutions, namely, ammonium compounds. It is hardly likely that the true 
nitrifiers could redu0e enoug:h carbon, resynthesize it, and make it available 
to keep the contaminating organimns not only alive but multiplying so rap-
idly that they cannot be eliminated by dilution methods. 
The last paragraph, however, contains an assumption, for no one, as 
far as known, has proved that contaminating forms actually multiply in 
mineral solutions. 'l'o answer this question, the following tests were made. 
EXPERIMENT 1 
(a) A flask of Medium 1 was inoculated with 1 c.c. of a culture which 
showed rapid oxidation of ammonia and was impure by the broth test. 
Counts were made by moons of nutrient agar plates at weekly intervals. 
'fhese are the results: 
Age when Number 
counted per c.c. 
0 ·············································- 66,600 
1 week ···-···· ·-·····-·····--········· ····-····-······1,366,800 
2 weeks ···-·-········-·····-·····-······-·-···-·····- 633,000 
3 weeks ·····-·········-·-···-·-·········--······--··- 653,000 
less than 
8 weeks ······· ·--···· ··--·······-·---·-· ······· ···-·- 10,000 
These results show that there was a rapid increase in numbers the first 
week, followed by an irregular falling off. The data are too meager to per-
'See also Waksman (54) page 69. 
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mit of any general conclusions, but there is an interesting indication shown. 
(b) Would a contaminating organism growing on nutrient agar mul-
tiply when placed in a mineral solution~ Coccus 800 was chosen in the 
attempt to aI11Swer this question. 
A flask of Medium 1 was prepared in the usual way and inoculated 
with a needle from an agar slant. Counts were made at the t ime of inocu-
lation and at weekly intervals. The following are the results: 
Age when 
counted 
0 
Numbers 
per c.c. 
........... ................................ 133,300 
Less than 
1 week ................................................ 1,000 
L ess than 
2 weeks .............................................. 100 
9 weeks .............................................. 145,000 
The organisms died off rapidly in this culture, more than 99.24 percent 
dying off the first week ·and mor·e than 99.92 percent had died by the end of 
two weeks. Counts were not made again until the end of 8 weeks, at which 
time an increase in numbers had occurred. Evedintly there was an adapta-
tion taking place in this solution. At the end of 11 weeks nitrites appeared 
in the solution. 
The inoculation was very large in this case. If a small inoculum had 
been used, the results would have been different. It is possible that one-
half c.c. could be withdrawn for the broth test and no organisms be trans-
ferred. Such a condition would account for the results noted in Test III. 
(c) Would it be possible to prevent the r-apid dying off noted in the 
last experiment 1 It was thought probable that an organic carbon source 
would be more easily utilized and reduce ·the high death rate. 
A flask of Medium 1 was prepared in the usual way and made up to 
0.25 percent dextrose. Two colonies from a plate used in counting in Ex-
periment 1, (a) were mixed with the needle and a small portion transferred 
to the flask. Counts were then made to determine the effect'l on multipli-
cation. The results follow: 
Age when Organisms 
eon n ted per c.c. 
0 ........................................ 136,000 
1 week ............................................ 4,300,000 
2 weeks .......................................... 54,650,000 
3 weeks .......................................... 167,665,000 
Tho last plates were counted when the culture was 4 weeks old. The 
culture gave a very strong test for nitrites at this time and when analyzed 
a few weeks later contained 2.252 p.p.m. of nitrite nitrogen. These organ-
ir,ms had developed on a plate of nutrient agar, the medium recommended 
for tests of purity\ for one week and when. transferred to Medium 1 with 
0.25 percent dextrose, had produced oxidation. This was not a pure cul-
'See Waksman (54) page 69. 
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turc, but the fact that it grew on nutrient agar, developed colonies, and 
iater produced oxidation showed that soluble organic matter was not toxic 
to these organisms. 
Several flasks of Medium 1 were prepared and made up to 0.25 percent 
dextrose. They were then inoculated with cultures from nutrient broth 
and nutrient agar which had been obtained from silica gel or washed agar 
plates. In ,some cases the oxidation was somewhat slower than in the case 
just given, but in ·every inst,ance oxidation of ammonium sulfate took place. 
An Actinomyces developed on rthe plates used in counting. This 
organism was isolated and studied later. It is called Actinomyces 400 in 
this paper. 
One of the broth tubes showed a peculiar growth. Small oil-like glob-
ules formed around the surface of the tube. A similar growth was noticed 
by Gowda (22) . It was found that two organisms were present in the 
tube, one, an Actinomyces, and the other an ovoid organiSim called Bac-
terium GOO in this paper. 
EXPERIMENT 2 
Upon examining ·some silica gel plates which had been kept under bell 
jars for three months, some white colonies of Actinomyces were noticed. 
(Plate I. ) The colonies closely resembled each other so it was thought 
probable that they were the same organism. A f.ew threads were· care-
fully removed from the surface of one of the colonies to nutrient agar. 
After growth occurred, the organism was replated to insure a pure culture 
and was then used in the following experiment. It is called Actinomyces 
600 in this paper. • 
Six flasks of Medium 1 were prepared in the usual way. These were 
inoculated with a needle from an agar slant, incubated at room tempera-
ture for 38 days and analyzed for nitrites. 
'rable I gives the results. 
This organism grew well on nutrient agar and when transferred to 
Medium 1 with or without dextrose it was able to oxidize ammonium sul-
fate. The carbohydrate evidently stimulated growth, as an examination 
of the flasks showed the growth to be roughly proportional to the dextrose 
content. This was not the case with oxidation, however, for there was little 
difference between cultures 2 and 3. 
These cultures were tested for nitrates as follows: 10 c.c. of the cul-
iure was withdrawn, treated with a few crysta'ls of urea and 5 c.c. of dil. 
H 2S04 • When the reaction was complete the absence of nitrite was dem-
onstrated.by the sulphanilic acid ·and alpha naphthylamine test. All the 
cultures showed the presence of nitrates with the diphenylamine test. Can 
the organism utilize nitrite nitl,ogen 1 It wa,s decided to test this culture 
to learn if this was the case. Accordingly a medium was prepared having 
the following composition : 
NaN02 ••••••••••••••••••• 1.0 gram 
Na2C03 ••••••••••••••••••• 1.0 gram 
K 2HP04 ••••• ••••••••• • •• • 0.5 gram 
NaCl . ..... ....... ....... 0.5 gram 
MgS04 ••••••••••••••••••• 0.3 gram 
Fe2 (S04 ) 3 ••••••••••••• •••••• • trace 
MnS04 ••••••••••••••••••••••• trace 
H 20 ................ . . .... 1000 c.c. 
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This is called Medium 2 in this paper. 100 e.c. portions were placed 
in 500 c.c. Erlenmeyer flasks and sterilized. The dextrose treatments were 
added wth a sterile pipette after cooling. After 38 days the cultures were 
analyzed for nitrates. The following method was used. 
The culture was treated with a few crystals of urea and then 25 c.c. 
dil. H 2S04• The absence of nitrites was shown by the sulphanilic acid 
alpha naphthylamine test. A small portion of silver sulfate was then added 
to precipitate the chlorides and sufficient calcium hydroxid to neutralize 
the acidity. The cultures were then filtered an<l an aliquot taken and 
analyzed by the phenoldisulphonic acid method. The results are given in 
Table II. 
The checks contained only a trace of nitrate nitrogen, which wa4':! some-
what unusual, as seen by some of the later experiments. 
The growth was about the same as that with ammonium sulfate and 
roughly in proportion to the dextrose content. 
The case of la and lb is inter·esting. The growth was plainly visible 
on the surface of the solution. There was very little organic matter pres-
ent in the medium, for only the best chemicals were used and the water 
was distilled from a dichromate solution. While the oxidation was slow, 
it wa,s none the less definite. 
TABLE I 
The Errt·c t of Drxtrose on Oxidation of Ammonia 
by Actinomyces 600. 
Number 
Check 
Check 
la 
lb 
2a 
21.J 
3a 
3b 
Percent Nitrite N. 
dextr_o_se_~~P· p. ~-
0.00 trace 
0.00 trace 
0.00 0.94 
0.00 1.34 
0.10 6.35 
0.10 5.05 
0.25 3.16 
0.25 10.55 
~~~~~~~~~~~~~~-
EXPERIMEN'f 3 
In Experiment 1 a culture was mentioned which showed butter-like 
globules around the surface when grown in broth. One of th~se glob"!lles 
was r.emoved to a dilution flask shaken and some plates made with nutrient 
a <rar. Only one type colony appeared. These were usually round, gray 
a~d shallow. The organism was ovoid and was, as a rule, in chains of 2 to 
6 cells. There was another organism in the broth tube, but I did not suc-
ceed in isolating it at this time. The ovoid organism was replated to in-
sure a pure culture and used in the following tests. It will be called 
Bacterium 500 in this paper. 
I n Preliminary Test II an organism called Actinomyces 300 was men-
tioned. It, too, was used in these tests. 
Flasks of Medium 1 and Medium 2 were prepared in the usual way 
and made up to 0.25 percent dextrose, sterile chec·ks being made at the 
same time. Table III shows the results after 62 days. 
No growth occurred in any of the nitrite fl.asks so it was clear that 
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these organisms could not use this source of nitrogen, at least under the 
c>onditions of this experiment. 
TABLE II 
The Effect of Dextrose on the Oxidation of NaNO, 
by Actinomyces 600. 
Nitrate N. 
Number Dextrose p.p~ 
Check none trace 
Check none trace 
l a none 1.66 
lb none 1.25 
2a 0.10 1.20 
2b 0.10 1.71 
3a .25 1.20 
3b .25 1.53 
TABLE III 
The Oxidation of Ammonium Sulfate by Actino-
myces 300 and Bacterium 500 in the Presence of 
Dextrose. 
Organism 
Check 
Check 
Bact. 500 
Bact. 500 
A. 300 
A. 300 
Nitrite 
Nitrogen p. p. m. 
trace 
trace 
0.88 
1.49 
1.00 
1.00 
EXPERIMENT 4 
In Experiment 1 an Actinomyces was mentioned which is called Ac-
tinomyces 400 in this paper . When this organism is grown in a medium 
containing dextrose it excretes a pigment which appears pink at first, but 
turns brown if sufficient dextrose is present. The depth of color seems to 
be in proportion to the amount of dextrose present. lit was found in 
qualitative tests made in Experiment 1 with Actinomyces 400 that the 
duplicates did not agree. This experiment was outlined to try to find out 
if this organism would oxidize nitrogen in sufficient amounts to be deter-
mined quantitatively. Number 1 and Number 4 were inoculated with growth 
from the surface of a culture growing in Medium 1. Number 2 was inocu-
lated with organisms from a slant of dextrose agar prepared by substitut-
ing 0.5 gram of K 2C08 for the MgC03 of Medium 1 and adding 10 grams 
of dextrose and 15 grams of washed agar per liter. Table IV gives the re-
sults after 71 day;s. 
This table shows that the source of the inoculum had no effect and 
that the higher dextrose content gave much the highest oxidation. It should 
be mentioned that these cultures were clarified with G Elf black before 
the nitrites were determined, as a pink pigment seriously interferes with 
the determination. They are easily clarified by shaking with a small por-
t ion of G Elf black and then filtering. 
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TABLE IV 
Effects of Dextrose on Oxidation of Ammonium 
Sulfate by Actinomyces 400. 
Number 
Check 
Check 
1 
1 
2 
2 
3 
Dextrose 
percent 
0.0 
0.0 
.01 
.01 
.01 
.01 
0.25 
Nitrite N. 
p . p. m. 
trace 
trace 
1.687 
1.322 
1.602 
1.383 
12.160 
E XPERIMENT 5 
This was outlined to learn which of the three organisms so far not 
tested would grow in Medium 2 when 0.25 percent dextrose is added. Cul-
ture flasks were prepared as outlined in Experiment 2. It was found that 
Actinomyces 400 and Coccus 800 made rapid growth, but Actinomyces 200 
did not grow at all. Actinomyces 400 produced a pigment similar in every 
way to that produced in Medium 1 with dextrose added. Coccus 800 pro-
duced a slimy mass of growth cov€ring the bottom of the flask. Actino-
myces 400 and Coccus 800 both gave positive tests for nitrates, but no 
quantitative determinations were made. 
EXPERIMENT 5 
In the first cultures of Coccus 800 in Experiment 1, the duplicates did 
not agree. In one flask there was rapid oxidation, while in the other it was 
slow. It was decided to test sever.al cultures of this organism to learn 
wh€ther low concentrations of certain organic compounds would stimulate 
its activity. Several flasks of Medium 1 were prepared in the usual way 
and sterilized. The various orga.nic constituents were then added from 
suita;ble solutions with a sterile pipette. 
In order to have the inoculum equal in all flasks, a suspension of the 
organism was made in a flask of sterile medium and inoculatons made with 
sterile 1 c.c. pipettes. Counts were made to determine the number intro-
duced into eacli flask. Thi1s was found to be 64,500,000, which is a very 
large inoculum. 
'l'able V shows the treatments and results after 120 days incubation at 
room temperature in the dark. 
This table shows that very small amounts of peptone stimulated oxida-
tion, but dextrose depressed it. Dextrose and peptone together had about 
the same effect as peptone alone. 
The nitrite added as shown in the last part of the table, was equal to 
0.01 c.c. Qf Medium 2 per 100 c.c. of culture. This is equal to 0.002 p.p.m. 
nitrite nitrogen, an amount too small to influence the results. Where no 
dextrose was present, the trace of nitrite gave the highest single oxidation, 
but where dextrose was present, the oxidation fell off quite regularly with 
the increase in dextrose. It should be emphasized that aeration was poor 
and no attempt was made to stimulate the oxidation of large amounts of 
ammonia. 500 c.c. Erlenmeyer flasks were used and 100 c.c. portions of 
Medium 1. The cultures were incubated in two large drawers of the desk. 
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TABLE V. THE EFFECTS OF DEXTROSE AND PEPTONE IN LOW CONCEN-
TRATIONS ON THE NITRU'ICATION OF AMMONIUM SULFATE BY COCCUS 
800. 
Flask No. 
Check 
i Check 
1 I 
1 I 
2 
2 
3 
3 
4 
4 
2 
2 
6 I 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 I 14 15 15 
16 
16 
17 
17 
18 
18 
Percent 
dextrose 
none 
" 
" 
" 
.0025 
" 
.0050 
.0050 
.0100 
.0100 
.0200 
.0200 
none 
" 
" 
" 
" 
" 
" 
" 
.00125 
.00125 
.00250 
.00250 
.00500 
.00500 
.01000 
.01000 
none 
" 
.0025 
.0025 
.0050 
.0050 
.0100 
.0100 
.0200 
.0200 
Percent 
pep tone 
none 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
.0025 
.0025 
.0050 
.0050 
.0100 
.0100 
.0200 
.0200 
.00125 
.00125 
.00250 
.00250 
.00500 
.00500 
.01000 
.01000 
none 
" 
" 
" 
" 
" 
" 
" ,, 
" 
I 
Nitrite 
added 
none 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
trace 
" 
" 
" 
" 
" ,, 
" 
" 
" 
Nitrite N. 
after 120 
days p. p. m. 
trace 
" 0.271 
0.261 
0.182 
0.167 
0.188 
0.188 
0.222 
0.213 
0.188 
0.207 
0.264 
0.315 
0.420 
0.471 
0.319 
0.420 
0.541 
0.313 
0.337 
0.401 
0.371 
0.386 
0.319 
0.325 
0.271 
0.343 
0.386 
0.672 
0.146 
0.137 
0.076 
0.049 
0.052 
0.024 
trace 
0.052 
The amounts oxidized are small, but none the less definite. It is evi-
dently true that a basic solution will absorb small amounts of nitrites from 
the atmosphere as pointed out by Jordan and Richards (25). These inves-
tigators found that as much as 0.08 p.p.m. of nitrite nitrogen was absorbed 
in one of the flasks in 90 days. They say that larg.er amounts are at times 
absorbed, but give no figures. In the work of the writer, rather large 
amounts of nitrite nitrogen were aibsorbed in some of the later exper:iiments, 
but in every case checks have been prepared and analyzed to insure a correct 
interpretation of the data secured. 
EXPERIMENT 7 
A. To test the influence of free carbon dioxid on oxidation of ammonia 
a number of flasks of Medium 1 were prepared in the usual way. One-hole 
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stoppers which would fit the flasks were fitted with freshly filled soda lime 
tubes. The flasks from which it was desired to keep the C0 2 of the air 
were closed with these stoppers, the cotton plugs being left in the lower 
part of the necks of the flasks. Paraffin was used to insure complete sealing 
of the flasks except, of course, the opening through the soda lime tubBS. 
It was found necessary to incubate the C02 free cultures in the open labora-
tory since they were too high for the incubator. This might have made a 
slight difference in temperature. Otherwise the conditions were alike for 
all cultures. They were incu1bated 57 days. The rsults are recorded in 
'fable VI. 
In most cases the nitrite reaction was stronger in the cultures than in 
the checks, but it was not thought worth while to try to record the differ-
ences, which could not be measured quantitatively. In the case of Coccus 
800, the carlbon dioxid seems to be important in stopping the oxidation. 
Unfortunately, one of these cultures was spoiled by a contamination, so 
only one flask serves for comparison. The mold •seemed to stop the growth 
entirely. 
With Actinomyces 200 the absence of carbon dioxid influenced the 
oxidation slightly, but this was probably due to better aeration in the 
fl.asks with free air. 
Actinomyces 300 showed good growth in the flasks containing dextrose. 
but the organism was only beginning to utilize ammonia as a source of en-
ergy, apparently. 
Actinomyces 400 was favorably affected by dextrose, but was not in-
fluenced very much by the absence of carbon dioxid. 
Bacterium 500 was similar to Actinomyces 300 in all respects except 
that the growth was not so evident as in the case of the Actinomyces. 
Actinomyces 600 was completely checked in the absence of both dex-
trose and carbon dioxid. Much of this was probaJbly due to aeration. With 
dextrose the differences were not significant as the duplicates did not agree. 
B. Since it was shown previously that only three of these organisms 
can grow in a nitrite solution, on'ly these organisms were studied with this 
medium. The cultures were prepared in the usual manner, using Medium 
2, and carbon dioxid was excluded with soda lime tubes as described above. 
The cultures were analyzed as follows: They were first filtered and treated 
with a few crystals of urea, shaken, and 5 c.c. of 1 :1 sulfuric acid added. 
After being allowed to stand for some time, one c.c. was withdrawn from 
each flask and tested for the absence of nitrites. The cultures were then 
neutralized with NaOH and evaporated to about one-half volume. Two or 
three grams of sodium peroxide were then cautiously added and the flasks 
slowly heated. When almost dry, they were transferred to distilling flasks 
with 300 c.c. distilled water, treated with Devarda alloy and distilled into 
1/50 norma·l acid. The excess acid was then titrated and the calculations 
made. 
Perhaps the outstanding criticism of the data presented in Table VII 
is the lack of close agreement of the duplicate checks. The error, if there 
is any, is probably that it is too high. 600a agrees with the first of the 
checks and in this culture no growth was visible. With the exception of 
this culture, all showed growth and the table shows that oxidation occurred 
in every other case when compared to this check. Even assuming that the 
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TABLE VI. THE INFLUENCE OF FREE C02 ON THE OXIDATION OF AM-
MONIA '1'0 NITRATES BY CERTAIN MICROORGANISMS. 
Organism 
check 
check 
check 
Coccus 800 
" 
800 
" 
800 
" 
800 
" 
800 
" 
800 
" 800 
" 800 
A. 200 
A. 200 
A. 200 
A. 200 
A. 200 
A. 200 
A. 200 
A. 200 
A. 300 
A. 300 
A. 300 
A. 300 
A. 300 
A. 300 
A. 300 
A. 300 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
Bact. 500 
Bact. 500 
Bact. 500 
Bact. 500 
Bact. 500 
Bact. 500 
Bact. 500 
Bact. 500 
A. 600 
A. 600 
A. 600 
A. 600 
A. 600 
A. 600 
A. 600 
A. 600 
I 
I 
I 
I 
Carbon 
dioxid 
present 
" 
" 
" 
" 
absent 
" present 
" 
absent 
" 
present 
" 
absent 
" prPsent 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
" present 
" 
absent 
" present 
" 
absent 
" 
! 
I 
I 
I 
II 
II 
Dextrose 
0.10 
percent 
absent 
" present 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
l 
Nitrite 
nitrogen 
p. p. m. 
trace 
" 
" 
" 
" 
" 
" 
" 
" 1.976 
trace 
trace 
" 
" 
" 
1.687 
2.171 
1.481 
1.273 
trace 
" 
" 
" 
" 
" 
" 
" 
trace 
" 
" 
" 1.520 
1.140 
1.088 
1.088 
trace 
" 
" 
" 
" 
" 
" 
" 
0.545 
···-------
trace 
" 1.764 
3.800 
trace 
3.040 
Remarks 
l , contaminated, 
I mold 
flash broken 
contaminated, 
mold 
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highest of the checks was the average for all flasks, there was still consider-
able oxidation produced by these organisms. 
Strangely, the averages are higher where carbon dioxid was a'bsent in 
all cases except one, namely, Coccus 800 without dextrose. This is extraor-
dinary, too, because the aeration was much poorer in these flasks. 
EXPERIMENT 8 
It was found in Experiment 7 that the absence of organic matter and 
free 002 completely c:hecked the oxidation of ammonia by Actinomyces 
600. To test this result more closely, the following experiment was ca1:-
ried out. 
TABLE VII. THE EFFECT OF CARBON DIOXID AND DEXTROSE ON THE 
OXIDA'rION OF NI'rRITES BY PURE CULTURE OF coccus 800, AC'l'INO-
l'vffCES 400 AND AC'l'INOMYCES 600. 
Organism 
check 
check 
Coccus 800a 
" 800b 
" 800c 
" 800d 
" 800e 
" 800£ 
" 800g 
" 800h 
A. 400a 
" 400b 
" 400c 
" 400d 
" 400e 
" 400f 
" 400g 
" 400h 
" 600a 
" 600b 
" 600c 
" 600d 
" 600e 
" 
600£ 
" 600g 
" 600h 
I 
Carbon 
dioxid 
present 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
present 
" 
absent 
" 
Dextrose 
dextrose 
" 
absent 
" 
" 
" present 
" 
" 
" 
absent 
" 
" 
" 
present 
" 
" 
" 
absent 
" 
" 
" present 
" 
" 
" 
I 
Nitrate 
N. p. p. m. 
7.00 
14.00 
15.40 
19.60 
14.00 
15.40 
19.60 
12.60 
22.40 
16.80 
22.40 
21.00 
28.00 
19.60 
22.40 
16.80 
lost 
32.20 
7.00 
14.00 
21.00 
14.00 
29.40 
18.20 
32.20 
25.20 
Average 
10.50 
I 17.50 
14.70 
16.10 
19.60 
21.70 
23.80 
I 
19.60 
32.20 
10.50 
17.50 
23.80 
28.70 
'
Nitrnte N. 
1. p. m . Av 
J formed' 
7.00 
4.20 
5.60 
I 
I 9.10 
I 11.20 
13.30 
9.10 
21.70 
0.00 
7.00 
13.30 
18.20 
'This column is obtained by subtracting the average of the checks from the average of 
the duplicates. 
Fifty c.c. of Medium 1 were placed in ea.ch of eight 250 c.c. Erlenmeyer 
flaisks. Various amounts of dextrose were added and the flasks autoclaved. 
After inoculation with a ·suspension of organisms, the cultures were incu-
bated in a large dessicator over strong NaOH. After 46 days the cultures 
were analyzed for nitrites. The results are recorded in Ta:ble VIII. 
The table indicates that there were nitrites in the medium, for there 
could not have been any a.Jbsorption from the air. Sample 1 checks the re-
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sults reported in Table VI. While growth was evident in both flasks, it 
was poor and no oxidation took place. There is little difference in the rate 
of oxidation in the presence of 0.10 percent and 0.25 percent dextrose. 
There was a slight difference in the amount of growth, however, more be-
ing present with the higher percentage of dextrose. The experiment clearly 
shows that this organism can utilize organic carbon and at the same time 
oxidize ammonium sulfate. 
EXPERIMENT 9 
A. To learn what concentration of dextrose would stimulate the great-
est oxidation with Actinomyces 600, 28 flasks were prepared, 14 with 
Medium 1 and 14 with Medium 2, in the usual way. Unfortunately, the 
checks for the series with Medium 2 were lost, so this series was not ana-
lyzed. The cultures were incubated at 30° C. The results with ammonium 
s0ulfate after 19 days are given in Table IX. This experiment slightly modi-
fied was later repeated with other organisms previously mentioned. 
TABLE VIII. 'l'HE EFFECTS OF TH.E ABSENCE OF FREE CO, ON THE NITRI-
FICATION OF AMMONIUM SULFATE BY ACTINOMYCES 600. 
Number Percent 
dextrose N. 
check none 
check none 
1 " 
1 " 
2 0.10 
2 0.10 
3 0.25 
3 0.25 
Nitrite 
p. p. m. 
0.029 
0.023 
0.013 
0.025 
0.798 
1.140 
1.380 
1.173 
Average 
0.026 
0.019 
0.969 
1.276 
Nitrite 
N. p. p. m. 
formed' 
- 0.007 
0.943 
1.250 
'This column is obtained by subtracting the average of the checks from the average 
of the various duplicates. 
T.he ajlTI.ount of growth as shown by the appearance of the flasks in-
creased regularly with the increase of sugar from none to 0.1 percent. 
There wa.s a decided break at this point, that is, the flask having 0.5 per-
cent dextrose had a much greater increase in growth over the one having 
0.1 percent than this culture had over the one having 0.01 percent dex-
trose. The increase in growth from 0.5 percent to 2 percent was quite 
gradual. 
Flask 5a was quickly overrun with a mold the first few days. Then 
the mold gradually decreased and Actinomyces 600 began to grow rapidly. 
Comparing this with the duplicate, it seems that the 011ganism prefers dex-
trose as a source of energy, but can use ammonium sulfate when the sugar 
becomes limited. The mold evidently used up the dextrose quite rapidly 
and then development ceased. Actinomyces 600 was apparently able to 
utilize the only other source of energy in the culture, ammonium sulfate. 
With the higher concentrations of dextrose there was a mere trace of 
nitrite produced. The growth was very much denser, however, than with 
low concentrations 'of dextrose, forming a heavy mat of growth on the en-
tire surface of the cultures. 
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'l'ABLE IX. THE EFJ<'ECTS OF VARIO US CONCENTRA'l'IONS OF DEXTROSE 
ON THE OXIDATION OF AMMONHJ:lvf SULFATE BY AC'l'INOMYCES 600. 
Nitrite 
Percent nitrogen Remarks 
Number Dextrose p. p. m. 
check none 0.00 
check " 0.00 
la 0.000 0.176 
lb 0.000 0.216 
2a 0.001 0.195 
2b 0.001 0.222 
3a 0.01 4.560 
3b 0.01 4.134 
4a 0.1 2.028 
4b 0.1 3.648 
5a 0.5 5.700 \ contaminated, mold 
5b 0.5 trace 
6a 1.0 trace I 
6b 1.0 " I 
7a 2.0 " I 7b 2.0 " 
The growth on the nitrite medium was similar to. that on ammonium 
sulfate. There seems to be no diff.erence in the utilization of nitrite nitro-
gen and ammonia nitrogen by this organism. 
B. In Part A of this experiment, only a 19 days incubation period 
was employed. Would this organism oxidize ammonia in the presence of 
higher concentrations of dextrose if more time were allowed~ To answer 
this question, the following tests were made: Cultures were prepared in 
the usual way, using Media 1 and 2. The cultures were incubated in the 
open laboratory for 85 days. This is mentioned merely as a possible ex-
planation of the large amount of nitrites found in the checks. The resulti:; 
are given in Tables X and XI. 
The checks in this series contained an unusual amount of nitrites. 
There are two possibilties which might explain this condition : (1) the cul-
tures were incubated in the large laboratory where students were working 
and they might, therefore, have absorbed the nitrites from the air; (2) they 
might have been in the chemicals or the water. The writer has no explana-
tion for it and was surprised to find such a large amount present when the 
analyses were made. 
The oxidation in this series was slower than in the one reported in 
Taible IX, except in the case of the higher dextrose concentrations. Here 
the long incubation period brought about oxidaton. The growth in general 
was in proportion to the dextrose content (see Plate II, Numbers 1, 2 
and 3). 
The growth in the nitrite cultures was similar to that with ammonium 
sulfate as shown in Plate II, 4, 5 and 6. These cultures were also incu-
bated in the large laboratory as the others for 85 days. They were ana-
lyzed as outlined in Experiment 7, B. Table XI gives the results. 
There is no agreement between the checks in this table. For this rea-
son little weight can be given to the results. However, with 2 percent dex-
trose the oxidation is so large that it can hardly be due to error. The table 
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would seem to indicate an error in analysis, but the writer has not been 
able to find any errors there. Perhaps the most that can be said is that this 
organism grows as well with nitrite nitrogen as with ammonia and may 
bring about considerable oxidation under favorable conditions. 
TABLE X. THE EFFECTS OF VARIOUS CONCENTRATIONS OF DEXTROSE 
ON THE OXIDATION OF AMMONIUM SULFATE BY ACTINOMYCES 600. 
Number 
Nitrate 
nitrogen 
p. p. m. 
Percent 
dextrose 
none 
" 
check 0.127 / 
check 0.173 
1 ,, o.300 I 
1 " 0.311i 
2 0.01 0.621 
Average 
0.150 
0.308 
0.548 
Amount 
nitrified 
p. p. m.1 
0.158 
0.398 
2 0.01 o.475 I 
-----;--o--~-c--
3 0.05 1.140 I 
0.894 3 0.05 0.949 1.044 
-----------c-- --~---~--
4 o.J o 1.200 I 
4 0.10 1.034 1.117 0.967 
5 1.00 2.459 ,- -----
5 1.00 1. 754 2.106 1.956 
6 2.00 2.363 2.358 2.208 
6 . 2.00 2.353 I 
-·-~--
TABLE XI. THE EJi'FECT OF VARIO US AMOUNTS OF DEXTROSE ON THE 
OXIDATION O:F' NITRI'l'ES BY ACTINOMYCES 600. 
I l Nitrite Amount Percent nitrogen nitrified 
Number dextrose -~p_. ~p_._m_. --,----A_v_er_a~g_e_-;-_~P-· ~P~·-m_.' __ 
13.44 
cheek I n?,ne 
1
1 16.34 
check 10.64 __ _____ __,_____ ____ _,___ ____ _ 
1 I ,, ,
1 
1.40 
1 7.00 4.20 -9.24 
- - - 2--- ,- 0.0-1---,·- --8-.9-6---;- -----C---- ---
2 0.01 12.88 10.92 - 2.52 
- -- --~-----
3 I o.o5 I 12.60 
3 0.05 24.92 18.76 5.32 
4 0.10 22.96 19.74 6.30 
---4---
1
-- - 0.10 I 16.52 
5 \--1.00 __ / _ _ _ 1_3_. 1-2-- - 7---- -----i-----
5 1.00 58.80 36.26 22.82 
------- - ----------- --c- -- --- -
6 I 2.00 I 68.32 
6 2.00 43.40 55.86 42.22 
'This column is obtained by subtracting the average of the checks from the average of 
th3 duplicates. 
EXPERIMENT 10 
In order to test the effects of various concentrations of dextrose on 
nitrification ·of ammonia by Actinomyoos 200 and Actinomyces 300, the fol-
lowing experiment was carried out. Cultures were prepared in the usual 
way. 
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After inoculation with a suspension of the organisms the cultures 
were incubated at 30 degrees centigrade for 93 days. Table XII shows 
the results. 
There was little oxidation in any caise as shown by this table. The 
growth appeared to be in proportion to the amount of dextrose present, 
but was chiefly on the bottom of the flasks. The checks do not agree and 
show considerable nitrite content, especially considering that these cultures 
were incubated in a closed chamber at a constant temperature. 
Unlike Actinomyces 600, these organisms did not show any nitrites 
w1here 1 and 2 percent dextrose was used. Furthermore, the oxidation was 
much lower than ,shown in other experiments with these organisms except 
in the absence of dextrose. In these cases, the highest results were secured 
with both organisms in this experment. 
TABLE XII. THE EFFEC'l'S OF VARIOUS CONCENTRATIONS OF DEXTROSE 
ON NITRIFICATION OF AMMONIUM SULFATE BY AC'rINOMYCES 200 AND 
ACTINOMYCES 300. 
Number 
check 
cheek 
A. 200 1 
)) )) 1 
)) )) 2 
)) )) 2 
)) )) 3 
)) )) 3 
)) )) 4 
)) )) 4 
)) )) 5 
)) )) 5 
)) )) 6 
)) )) 6 
A. 300 7 
)) ) 7 
)) )) 8 
)) )) 8 
)) )) 9 
)) )) 9 
)) )) 10 
)) )) 10 
)) )) 11 
)) )) 11 
)) )) 12 
)) )) 12 
Percent 
dextrose 
0.00 
0.00 
0.00 I 
0.00 
\ 
o.oi 
0.01 
0.05 
I 0.05 0.10 0.10 
1.00 
1.00 
2.00 
2.00 
0.00 
0.00 
0.01 
0.01 
0.05 
0.05 
0.10 
0.10 
1.00 
1.00 
2.00 
2.00 
Nitl'ite N. Average N. ni.trified 
p. p. m. p. p. m.' 
0.025 
0.012 O.Dl8 
0.049 l 0.077 0.063 0.045 0.050 
0.025 0.038 0.019 
0.049 
0.025 0.037 0.018 
0.016 
trace 
I 
0.016 -0.002 
trace 
-------- I --)) )) 
I I )) I ----·-----
0.092 
0.039 0.065 0.047 
0.061 
0.035 0.048 0.030 
0.017 
0.057 0.037 0.010 
0.015 
0.011 0.013 0.006 
trace 
)) 
--
--------
trace 
)) 
--
--- -----
'This column is obtained by subtracting the average of the checks from the average 
of the various duplicates. 
EXPERIMENT 11 
It was thought that proba:bly these organisms would have either a 
beneficial or harmful effect on each other if grown together. To test thi8 
proposition, a number of cultures were prepared in the regular way. Sus-
pensions of organisms were used for inoculation, 1 c.c. being used for each. 
Where two organisms were introduced, only one-half c.c. of the respective 
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suspensions was added, making the total inoculum about the same in all 
cases. The cultures were incubated in the open laboratory for 45 days. 
Several checks were prepared to try to learn what conditions favor absorp-
tion of nitrites from the air. These were treated as follows: Checks (a '1 
and (b), Medium 1 without Mg003 in well stoppered flasks; (c) and (d), 
the same as (a) and (•b), except Mg003 added; (e) and (f), Medium 1 
without Mg003 , plugged with cotton and left cm the laboratory desk; 
( g) and (h), Medium 1 with Mg003 , plugged with cotton and placed with 
the cultures; (i) and (j), Medium 1 with Mg003 and 0.10 percent dextrose, 
plugged with cotton and placed with the cultures. Table XIII gives the 
results after 45 days. 
This series of checks is interesting. When well stoppered, no nitrites 
appeared in the flasks either with our without MgC03 • Where only cotton 
plugs were used and no Mg0 0 3 added, 0.001 p.p.m. of nitrite nitrogen was 
absorbed, and similar flasks to which Mg003 was added 0.024 p.p.m. of 
nitrite nitrog,en was absorbed. Dextrose did not affect the rate of absorp-
tion either with our without Mg003 • It is seen from these tests, which are 
similar to those reported by Jordan and Richards (25) that great caution 
is essential in making qua'litative tests as well as quantitative determina-
tions of nitrites in incubated cultures. 
In all but one case, namely, Bact. 500 with C. 800, the dextrose cul-
tures gave higher results than similar cultures without dextrose, and in 
this case the difference is small. Actinomyces 300 and Actinomyces 600 
are benefited by growing together both with and without dextrose. These 
organisms gave the highest single oxidation. Bacterium 500, grown 
with Actinomyces 200, did not oxidize as rapidly as when grown alone; but 
this is not the case when it was grown wth Actinomyces 300, where a higher 
oxidation occurred than either organisms produced when grown a'lone. 
EXPERIMENT 12 
In order to determine whether or not the six organisms described in 
this paper would nitrify ammonium ·sulfate in soil, the following experi-
ment was carried out. Fifty gram portions of soil w·ere weighed into 250 
c.c. Erlenmeyer flasks and treated with 0.3 gram MgC03 • They were then 
made up to optimum moisture and sterilized at 18 pounds pressure for 
three hours in the autoclave. 15 mgm. nitrogen as ammonium sulfate was 
then added to each flask. Half of the samples received 0.10 percent dex-
trose. Suspensions of the various organisms were used for inoculation. 
The cultures were incubated at room temperature in the dark for 80 
days. Sterile water was added every week to keep up the optimum moist-
ure content, the amount needed being determined by weighing the flasks. 
The results are recorded in Table XIV. 
In all but one case there was higher oxidation where no dextrose was 
added. This is pro'bably due to the use of dextrose for energy by the or-
ganisms. There is a considera:ble soluble organic matter in autoclaved 
soil which may account for the small amount of niti'Ogen oxidized in most 
cases . The greatest oxidation was brought about by Actinomyces 600 in 
the absence of dextrose. This organism also showed the greatest differ-
ence between the soi,l treated with dextrose and that not treated. This ex-
periment shows clearly that the organisms described in this paper are able 
to nitrify ammonium sulfate in soil as well as in solution. 
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TABLE XIII. 'l.'HE EPFEC'l'S OF DEXTROSE ON CERTAIN NI'l'RIFIERS 
WHEN GROWING ALONE OR 'l'OGJ~THER. 
Organisms 
che<'k a none 
check b " 
check c " 
check d " 
rhcek e " 
check f 
check g none 
check h " 
check i 0.10 
check j 0.10 
A. 200 0.00 
A. 200 0.00 
A. 200 0.10 
A. 200 0.10 
A. 200 A. 300 0.00 
A. 200 A. 300 0.00 
A. 200 A. 300 0.10 
A. 200 A. 300 0.10 
A. 200 A. 400 0.00 
A. 200 A. 400 0.00 
A. 200 A. 400 0.10 
A. 200 A. 400 0.10 
A. 200 Bact. 500 j 0.00 
A. 200 Bact. 500 I 0.00 
A. 200 Bact. 500 I 0.10 A. 200 Bact. 500 0.10 
A. 200 A. 600 
I 
0.00 
A. 200 A. 600 0.00 
A. 200 A. 600 0.10 
A. 200 A. 600 I 0.10 
A. 200 c. 800 
I 
0.00 
A. 200 c. 800 0.00 
A. 200 c. 800 0.10 
A. 200 c. 800 I 0.10 
A. 300 I 0.00 A. 300 0.00 
A. 300 I 0.10 A. 300 0.10 
A. 300 A. 400 0.00 
A. 300 A. 400 0.00 
A. 300 A. 400 0.10 
A. 300 A. 400 0.10 
A. 300 Bact. 500 0.00 
A. 300 Bact. 500 0.00 
A. 300 Bact. 500 0.10 
A. 300 Bact. 500 0.10 
A. 300 A. GOO 0.00 
A. 300 A. 600 0.00 
A. 300 A. 600 0.10 
A. 300 A. 600 0.10 
A. 300 c. 800 0.00 I A. 300 c. 800 0.00 
A. 300 c. 800 0.10 I 
A. 300 c. 800 0.10 I 
0.000 
-······· 
0.000 
·-······ 
0.000 
0.000 
--------
0.001 
0.001 0.001 
0.029 
0.019 
--------
0.024 
0.025 0.024 
0.023 
0.026 0.024 
0.035 
0.028 0.031 
0.019 
0.022 0.020 
0.036 
0.032 0.034 
0.029 
0.022 0.025 
0.086 
0.100 0.093 
0.028 
0.034 0.031 
0.037 
0.038 0.037 
0.029 
0.022 0.025 
0.238 
0.254 0.246 
0.028 
0.029 0.028 
0.035 
0.035 0.035 
I 0.036 I 
0.040 0.038 
I 0.054 0.051 I 0.052 
0.041 
0.041 0.041 
0.262 
0.141 0.201 
I O.ll2 I 0.109 0.110 
I 0.173 I 0.200 0.186 
0.181 0.177 
0.173 
0.760 
0.9:'50 0.855 
0.085 
0.081 0.083 
0.158 
0.095 0.176 
I 
I 
I 
I 
\ 
I 
I 
Nitrite N. 
produced 
p. p. m.' 
· ··· --·-
........ 
--------
--------
........ 
0.000 
0.007 
-0.004 
0.010 
0.001 
0.069 
0.007 
0.013 
0.001 
0.2:!2 
0.004 
O.Oll 
0.014 
0.028 
0.017 
0.177 
0.086 
0.162 
0.153 
0.831 
0.059 
0.152 
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Organisms 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
A. 400 
B. 500 
B. 500 
B. 500 
B. 500 
B. 500 
B. 500 
B. 500 
B. 500 
Bart. 500 
Bact . 500 
B. 500 
B. 500 
A. 600 
A. 600 
A. 600 
A. 600 
c. 800 
C. 800 
c. 800 
c. 800 
A. 600 
A. 600 
A. 600 
A. 600 
B. 500 C. 800 
B . 500 C. 800 
B. 500 C. 800 
B. 500 C. 800 
A. 600 
A. 600 
A. 600 
A. (iOO 
A. uOO 
A. 600 
A. 600 
A. 600 
A. 600 
C. 800 
C. 800 
c. 800 
c. 800 
c. 800 
c. 800 
c. 800 
c. 800 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
TABLE XIII (CONTINUED) 
Percent 
dextrose 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.JO 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.l 0 
0.00 
0.00 
0.10 
0.10 
I Nitrite N . p . p . m. 
I 0.075 0.085 
l 0.223 I 0.211 
I 
I 
I 
I 
l 
I 
0.100 
0.093 
0.237 
0.223 
0.126 
0.098 
0.254 
0.271 
0.100 
0.100 
0.237 
0.223 
0.119 
0.070 
0.095 
0.115 
0.13G 
0.109 
0.506 
0.400 
0.115 
0.119 
0.131 
0.088 
O.l 15 
0.115 
0.146 
0.292 
0.343 
0.152 
0.105 
0.422 
0.543 
0.112 
0.103 
0.345 
lost 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Average 
0.080 
0.247 
0.096 
0.230 
0.112 
0.262 
0.101 
0.230 
0.094 
0.105 
0.122 
0.453 
0.117 
0.109 
0.130 
0.317 
0.128 
0.482 
0.107 
0.345 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
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Nitr it e N. 
produced 
p. p . m.' 
0.056 
0.223 
O.Oi2 
0.206 
0.083 
0.238 
0.077 
0.206 
0.070 
0.081 
0.098 
0.429 
O.Ofl3 
0.085 
0.106 
0.293 
-- ---
0.104 
0.4;)8 
0.08'.l 
0.321 
'This rolumn is obtained by subtracting the average of t he checks f rom the average 
of the various duplicat es. 
MORPHOLOGICAL AND CULTURAL CHARACTERISTICS 
The morphological characteristics of actinomyces have been studied 
by several investigators, including Krainsky (29), Drechsler (14), Wak!i-
man (52), and more recently by Orskov (41) . All of these sources have 
been used for reference in these studies. The agar block as used by Orskov 
was found to be the most serviceable for studying the germination of spores 
and colony formation . The aerial mycelia may be studied either in the 
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colony or by removing to a slide, as suggested by Waksman ( 54, pages 
291-292), and staining with the ordinary laboratory stains. 
The cultural characteristics were studied by inoculating various media 
and recording the description of the growth produced. This is similar to 
the methods of Conn (13) and Waksman (52). However, the media have 
been chosen somewhat arbitrarily in these studies and their value for char-
acterizing growth is not known in all cases. This question can be settled 
only by a study of several known species. 
Very few biochemical studies were made, owing to lack of time. Starch 
hydrolysis and nitrate reduction were studied in solution and on agar plates. 
The other reactions have been recorded with the descriptions of growth. 
TABJ~E XTV. nm EFFECTB OP 0.10 PERCENT DEXTROSE ON NITRIFICA-
TION m, AMMONIUllf SULFATE IN CARRINGTON LOAM: BY CERTAIN 
PURE CULTURES. 
Number 
Organism 
Check 
Check 
Check 
Cheek 
A. 200 
A. " 
A. " 
A. " 
A. 300 
A. " 
A. " 
A. " 
A. 400 
A. " A. " A. " 
l3act. 500 
" " 
" " 
" " 
A. 600 
A. " 
A. " 
A. " 
Coerus 800 
" 
" " 
" " 
I 
I 
Percent 
Dextrose 
0.00 
0.00 
0.10 
0 10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
0.10 
0.00 
0.00 
0.10 
O.l 0 
0.00 
0.00 
0.10 
0.10 
I 
I 
I 
I 
Nitrite 
N. p. p . m. 
tr:-ice 
" 
" 
" 
1.000 
0.760 
0.158 
0.127 
0.060 
0.060 
0.471 
0.375 
1.676 
1.627 
0.413 
0.380 
1.117 
O.G53 
0.543 
0.032 
8.444 
4.222 
0.471 
0.404 
1.359 
1.581 
l.359 
1.186 
CULTURE MEDIA 
AYemge 
0.880 
0.142 
I 
I 
0.060 
0.423 
I 
I 1.651 
I 0.396 
0.855 
0.287 
6.333 
0.437 
1.473 
1.272 
Unless otherwise stated, washed agar was used and the media were 
sterilized at 15 pounds pressure for 15 minutes. Distilled water was used 
in all media. 
M edium 1. The modified Omelia:nsky's solution, which has been de-
scribed in Preliminary Test 1. The only modification of this medium was 
the addition of various amounts of dextrose or starch. 
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Medium 2. This was descrihed in Experiment 2. It was slightly modi-
fi ed bv the addition of various amounts of dextrose. 
Nutrient broth and nutrient agar. These were described in Prelimi-
nary Tests I and II. 
Gelatin. This was made by dissolving 150 grams of Bacto-gelatine in 
one liter of distilled water and tubing. 
Dextrose agar (Krainsky 's). K 4HP02, 0.5 gram; asparagin, 0.5 gram; 
dextrose, 10 grams; agar, 15 grams; water, 1 liter; pH, 6.8-7.0. (Krainsky 
used 30 grams dextrose per liter.) 
Calcium malate agar (Krainsky's). Calcium malate, 10 grams; NH2Cl, 
0.5 grams; KJIP04 , 0.5 grams; glycerin, 10 grams; agar, 15 grams; water, 
1 liter; pH, 6.8-7 .0. 
Milk. Skimmed, tubed and autoclaved. 
Litmus milk. Milk with litmus added. 
Ammonium snlfate dextrnse agar. (NH4 ) 2S04 , 1 gram; K 2HP04 , 1 
gram; NaCl, 0.5 gram; MgS04 , 0.5 gram; K 2C0a, 0.5 gram; dextrose, 10 
grams; agar, 15 grams; water, 1 liter; pH, 6.8-7 .0. 
B ean agar. 300 grams white beans were cooked thoroughly in 1 liter 
of water and wrung through cheese cloth into a solution containing 10 
grams dextrose and 15 grams washed agar. The residue was discarded and 
the volume made up to 1500 c.c. The agar was tubed and sterilized. 
Starch agar. 10 grams of potato starch were suspended in 800 c.c. wa-
ter and boiled down to 500 c.c. Five hundred c.c. of Medium 1 having 0.25 
gram K,C0 3 substituted for the MgC03, and 15 grams agar were then 
added, and the medium was completed as the others. 
Cellulose agar 1. 500 c.c. of cellulose suspension prepared according 
to McBeth and Scales (35) were added to 500 c.c. of Medium 1 having 0.25 
gram K 2C0 3 substituted for the MgC03 • 15 grams agar were then added 
and the medium completed as the others. 
Cellulose agar 2. 500 c.c. of cellulose suspension were added to 500 c.c. 
d a mcdiu.m having the following composition: K 2HP02, 1 gm.; MgS04 , 0.5 
gm.; KCl, 0.5 gm.; NaN03 , 2 gms.; CaC03 , 2 gms.; Fe2 (S04 ) 3 , trace; water. 
1 liter . This was then tubed and autoclaved. 
Potato, carrot and turnip plugs. These were prepared in the usual 
way and sterilized in the autoclave. · 
Onion extract agar. 250 grams white onions were cut up in 250 c.c. of 
water. They were cooked in the autoclave for 15 minutes at 10 pounds. 
This was filtered through a cloth, the volume made up to 500 c.c. and seven 
and one-half grams agar added. The medium was then tubed and com-
pleted as usual. 
Humus agar. Peat was treated with one percent HCl and after stand-
ing a short time washed free from chlorides, four percent NH 40H was then 
added and after 24 hours standing with occasional stirring, was filtered. 
The filtrate was allowed to stand for a few days and 100 c.c. were withdrawn 
and made up to 1 liter with distilled water. 15 gms. of agar were added 
and dissolved. The medium was then tubed and sterilized. The medium 
contained 12.60 p.p.m. nitrogen in the form of ammonia1 • 
'The author is indebted to Mr. A. 0 . Alben for preparing the humus used in this medium. 
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A number of media were made up to study the growth characteristics 
with different sources of ca11bon. The following carbon compounds were 
us~d and added in one percent concentration : lVIannitol, lactose, d-galac-
tose, levulose, xylose, mannose and sucrose. The basic solution was the 
same for all and contained the following constituents per liter: NaN03 , 
2 gms. ; K 2HPO 4, 1 gm. ; Mg SO 4 , 0.5 gm. ; KCl, 0.5 gm. ; Fe2 (SO 4 ) 3 , trace. 
After dissolving 15 gms. of agar in one liter of this solution the various car-
bon compounds were added and the media completed as usual. 
DESCRIPTION OF SPECIES 
Actinomyces 200 
I. Morphology. 
1. Spirals. 
None noted; hyphae long, slender, with profuse branching. 
2. Conidia. 
Spherical, forming chains which resemble streptococci. Usually 
four tubes formed when germinating. 
3. Colonies: circular, see Plate V. 
JI. Cultural Characteristics. 
1. Medium 1 with 1 percent dextrose. 
Growth: Usually white discs on .surface showing concentric rings. 
If MgC03 is excessive, often no surface growth. 
2. Medium 2. 
Growth: None with or without dextrose. 
3. Nutrient agar 
Growth: White in young cultures, turns to brownish-yellow. 
Wrinkled, having an oily appearance. Aerial mycelium, none. 
4. Nutrient broth . 
Growth: Usually on the bottom of tube. Aerial mycelium . 
.Albundant on sur:£ace growth when any occurs. 
Pigment: None. 
5. Gelatin 
Growth: Very rapid at first, white to gray, slower after two or 
three days. 
Aerial myceliUim : Few or none. 
Soluble pigment: Light yellow in liquefied portion. 
Liquefaction: Rapid at first, but not complete in six weeks. 
6. Dextrose agar 
Growth: Yellowish-gray, oily appearing, very slightly raised. 
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Most rapid in beginning. 
Aerial mycelium: Develop slowly, white. 
Pigment: None. 
7. Calcium ma.late agar 
Growth: Brownish-gTay, very rapid at first, wrinkled. 
Aerial mycelium: White, abundant. 
Pigment: Yellowish-brown. 
8. Milk 
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Growth : Slow ; dark rim adhering to flask; on surface, yellowish 
brown. 
Aerial mycelium: Few. 
Pigment : None at first, after digestion the liquid becomes light 
brown. 
9. Litmus milk 
Same as milk except liquid becomes darker brown. 
Reaction: Basic to litmus. 
10. Tyrosine agar 
Growth: Heavy pinkish-white, yellow globules of liquid abun-
dant on growth. 
Aerial Mycelium: Abundant, light pink. 
Pigment: None. 
11. Ammonium sulfate dextrose agar 
Growth: Abundant, yellowish growth. 
Aerial mycelium: White, abundant. 
Pigment: Light yellow. 
12. Starch agar 
Growth: Rapid, honey-like globules appear in 3 days. Surface 
growth becomes dirty yellow in 7 to 10 days. 
Aerial mycelium: Few, white, appearing around the edges of 
growth. 
Pigment: None. 
Hydrolysis: Rapid. 
13. B ean agar 
Growth: Very rapid, yellowish-brown, oily appearing. 
Ae·rial mycelium: Begin around surface, rapidly covers all 
growth exposed, light pink. 
Pigment: Yellow, medium finally becomes light brown. 
14. Cellulose agar 1 
Growth : White, subsurface growth abundant, surface flat, radi-
ating. 
Aerial mycelium: Few, white. 
Pigment: None. 
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15. Cellulose agar 2 
Growth: Surface white, fiat, radiating ; subsurface, extensive. 
Aerial mycelium: Few, white. 
Pigment: None. 
16. Potato plug 
Growth: At first, white; later, dirty yellow to light brown, very 
wrinkled, raised. 
Aerial mycelium: Few, white. 
Plug : Turns brown. 
17. Carrot plug 
Growth: Buff, slowly turns brown; very wrinkled. 
Aerial mycelium : Appear in week to 10 days, white at first; turn 
light pink ; a:bundant. 
18. Turnip plug 
Growth: Dirty yellow, barely raised, abundant. 
Aerial mycelium: Light pink, become very abundant. 
Plug: Brown. 
19. Onion extract agar: No growth. 
20. Humus agar 
Growth: Slow, white, radiating from line of inoculat ion. 
Aerial mycelium: F ew, white. 
Pigment: None could be detected. 
21. Mannitol agar 
Growth: White, fuzzy, radiating; subsurface well developed. 
After 1 month, faint pink, fiat. 
Aerial mycelium : Fine, quite numerous. 
Pigment: None. 
22. Lactose agar 
Growth: Slow at first, well raised. Subsurface well developed. 
Aerial mycelium: Good development, white at first, becomes 
faint pink. 
Pigment: Faint yellow. 
23. d-Galactose agar 
Growth: Very good, subsurface well developed. 
Aerial mycelium: White at fil'st, becomes pink. 
Pigment : Light yellow. 
24. Levitlose agar 
Growth: Slow at first, well raised, profuse later. 
Aerial mycelium : White a t first, become pink and there appear 
many yellow globules of liquid which leave crater-like marks 
on the surface of growth. 
Pigment : Light yellow. 
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25. Xylose agwr 
Growth: Slow at first, subsurface well developed. 
Aerial mycelium: Pink, radiating from line of inoculation. 
Pigment: Light yellow. 
26. lllannose agar 
Growth: Very good, subsurface well developed. 
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Aerial mycelium: White at first, turn pink, contain numerous 
yellow globules which leave crater-like marks on the surface of 
growth. 
Pigment: Medium slowly darkens. 
27. Sucrose agar 
Growth: Good, subsurface well developed. 
Aerial myceliu.m: White, fuzzy, turn pink. Covered with glob-
ules which leave crater-'like marks on the surface of growth. 
Pigment: Light yellow. 
Actinomyces 300 
I. Morphology 
1. Spirals 
Numerous, only one turn usually. Hyphae long, slender, crooked, 
p:ofuse, branching, slightly tapering. 
2. Conidia 
Spherical or slightly ovoid; resemble streptococci. 2 or 4 tubes 
formed when germinating. 
3. Colonies: Circular, see Plate VI. 
II. Cultural Characteristics 
1. Medium 1. With 0.1 p.ercent dextrose. 
Growth: Gray, fiat colonies on surface; growth on bottom mostly. 
Aerial mycelium: Gray. 
Pigment: None, dirty yellow with higher concentrations of dex-
trose. 
2. Medium 2 
Growth: None with or without dextrose. 
3. N1drient agar 
Growth: Good, raised center. 
Aerial mycelium: Profuse, gray, covered with minute droplets 
which leave crater-like marks. 
Pigment: Medium becomes brown and finally deep purple. 
4. Niitrient broth 
Growth: On surface and bottom, irregular mass. 
Aerial mycelium: Gray, powdery, when present. 
Pigment: Turns broth brown. 
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5. Gelatin 
Growth: Rapid at fimt, then becomes slower. 
Aerial mycelium: Brown. 
Liquefaction: Rapid at first, then slow, not complete in six weeks. 
6. Dextrose agar 
Growth: White, rapid; subsurface well developed; becomes brcwn 
in old cultures. 
Aerial mycelium: Few, develop very slowly, gray. 
Pigment: Medium slowly turns brown. 
7. Calcium malate agar 
Growth: Very rapid; pinkish-brown, wrinkled. 
Aerial mycelium: Develop slowly, gray, dusty appearance. 
Pigment: None, old cultures darken slightly. 
8. Milk 
Growth: Good, brown rim adhering to tube; mass on surface. 
Aerial mycelium: Few, gray. · 
Pigment: Brown, medium looks like coffee and cream. 
Reaction: Acid to litmus; digestion of milk very slow. 
9. Litmus milk 
Growth : Same as in milk. 
10. Tyrosine agar 
Growth: Good, not raised ; subsurface well developed. 
Aerial mycelium: Gray, radiating, dusty. 
Pigment: Medium slowly darkens. 
11. Ammonium sulfate dextrose agar 
Growth: White in young cultures, pinkish-brown in old; wrin 
kled; oily appearance; little or no subsurface growth. 
Aerial mycelium: Gray; develop very slowly. 
13. Starch agar 
Growth: Rapid, flat; subsurface well developed. 
Pigment: None. 
Hydrolysis: Rapid. 
13. Bean agar 
Growth: Very rapid; buff; under surface of growth red. 
Aerial mycelium: Bluish-gray, abundant. 
Pigment: Brown. 
14. Cellulose agar 1 
Growth: Good, flat, subsurface well developed. 
Aerial mycelium: White, fuzzy. 
Pigment: None. 
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15. Cellulose agar 2 
Same as on cellulose agar 1. 
16. Potato plug 
Growth: Very rapid; wrinkled; gradually covering all the plug. 
Aerial mycelium: Profuse, white. . 
Plug: Black border around growth; whole plug black later. 
17. Carrot plug 
Growth: Very heavy buff to brown; spreads over surface rap-
idly, wrinkled. 
Aerial mycelium: Light gray, dusty, few. 
Plug : Darkened. 
18. Turnip plug 
Growth: Very rapid, spreads over all surface. 
Aerial mycelium: Light gray, dusty. 
Plug: Brown. 
19. Onion extract agar 
Growth: Rapid, buff, spreading over surface, produces strong 
onion odor in 2 to 3 days. 
Aerial mycelium: Blue-gray; profuse. 
Pigment: Brown; medium all colored. 
20. Humus agar 
Growth: Slow, but definite. 
Aerial mycelium: White, few. 
Pigment: None could be detected. 
21. Mannitol agar 
Growth: Very heavy. 
Aerial mycelium: White at first, turns to blue-gray. Many liquid 
glOibules form, which leave crater-like marks on surface. 
Pigment: Medium turns first yellow, then light brown. 
22. Lactose agar 
Growth: Very heavy. 
Aerial mycelium: White at first, turns to blue-gray. Many liquid 
globules form, which leave crater-like marks on the surface. 
Pigment: Agar slowly darkens. · 
23. n-Galactose agar 
Growth: Good. 
Aerial mycelium: Gray at first, later, blue-gray; many liquid 
gldbules form which leave crater-like marks on surface. 
Pigment: Medium turns yellow. 
24. Levulose agar 
Growth: Slow, well raised; subgrowth well developed. 
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Aerial myoolium: Blue-gray. 
Pigment : Slightly darkened medium. 
25. Xylose agar 
Growth: Slow at first, good later; subsurface well developed. 
Aerial mycelium: White, turns blue-gray; abundant. 
Pigment: turns medium light brown. 
26. Mannose agar 
Growth: Good. 
Aerial mycelium: White at first, turns to blue-gray; droplets of 
liquid form which leave crater-like marks. 
Pigment: Medium slowly darkens. 
27. Sucrose agar 
Growth: Very good. 
Aerial mycelium: White at first, turns blue-gray, globules of 
liquid form which leave crater-like marks on the surface. 
Pigment: Medium slowly darkens. 
Actinomyces 400 
I. Morphology 
1. Spirals 
None noted; hyphae short, sharply tap13ring on most media. 
2. Conidia 
Form in long, thin threads; 0.4 micron by 0.8 micron; show 
granules when stained. 
3. Colonies: Round or oblong. See Plate VII. 
II. Cultural Characteristics 
1. Medium 1. With 0.1 percent dextrose. 
Growth: Spherical or flat colonies form on surface; some growth 
on bottom. 
Aerial mycelium: Gray. 
Pigment: Pink, darkens with age of culture. 
2. Medimn 2. With 0.1 percent dextrose. 
Growth: Very good on surface; some on bottom. 
Aerial mycelium: Gray. 
Pigment: Pink, darkens with age of culture. 
3. Nutrient agar 
Growth: Rapid; dull gray, slightly raised. 
Aerial mycelium: Gray, globules of liquid form which leave 
crater-like marks on surface. 
Pigment: None. 
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4. Nutrient broth 
Growth: Sponge-like growth on bottom; seldom any surface 
growth. 
Aerial mycelium: None, generally. 
Pigment: None, broth remains clear. 
5. Gelatin 
Growth: None. 
6. Dextrose agar 
Growth: Very slow; white spots appear after 6 days which turn 
to blue-gray, oily appearing masses. 
Aerial mycelium : None. 
Pigment: None. 
7. Calcium rnalate agar 
Growth: None. 
8. Milk 
Growth; Slow at :first, ring forms on tube near surface. 
Aerial mycelium: None noted. 
Pigment: Milk becomes greenish when digestion is practically 
complete. 
Reaction: Acid. 
9. Litmus milk 
Growth: Same as in milk. 
Aerial mycelium: None noted. 
Pigment: After digestion, tubes become pink. 
Reaction : Acid. 
10. Tyrosine agar 
Growth: Slow, bluish-white, after 4 days. 
Aerial mycelium: Few, dusty, gray, only part of growth cov-
ered after 70 days. 
Pigment: Medium turns brown. 
11. Arnmoniiim sulfate dextrose agar 
Growth: Good; cream to white. 
Aerial mycelium: White; numerous globules of liquid form. 
leaving crater-like marks when they dry. 
Pigment: None. ' 
12. Starch agar 
Growth: Good. 
Aerial mycelium: White, fuzzy; numerous globules form, which 
leave crater-like marks on surface. 
Pigment: None. 
Hydrolysis: Rapid. 
13. Bean agar 
Growth: None. 
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14. Cellulose agar 1 
Growth: Small pin point nodules appear in 4 days; these grad-
ually enlarge ; the subsurface about equal to the surface growth. 
Aerial mycelium: White. 
Pigment: None. 
15. Cellulose agar 2 
Growth: Pin point dots appear in 6 days; these gradually in-
crease in size. 
Aerial mycelium: White. 
Pigment: None. 
16. Potato plug 
17. 
18. 
Growth: Begins around margin after 2 weeks, white, gradually 
increases. 
Aerial mycelium: White, p-0wdery. 
Plug: Darkens. 
Carrot plug 
Growth: None. 
Turnip plug 
Growth: Slight after 2 weeks around edges 
increasing. 
Aerial mycelium : White. 
Pigment: None. 
. I 
of tube, gradually 
19. Onion agar 
Growth: None. 
20. Humus agar 
Growth: White spots develop in 3 days, increase in size. 
Aerial mycelium: White. 
Pigment: None could be detected. 
21. Mannitol agar 
Growth: Slow, begins to be evident in week; raised, subsurfaoo 
well developed. 
Aerial mycelium: Gray. 
Pigment: Black; medium turns smoky. 
. 22. Lactose agar 
Growth: Evident in week; surface well raised; subsurface well 
developed. 
Pigment: None. 
23. d-Galactose agar 
Growth: Evident in 4 days, blue-gray. 
Aerial mycelium: Gray; powdery, numerous small globules form. 
leaving crater-like marks on the surface. 
Pigment: Medium becomes pink, light purple, then dark, smoky. 
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~4. Levulose agar 
Growth: None. 
25. Xylose agar 
Growth: Evident in 2 weeks, develops well. 
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Aerial mycelium: Gray; numerous globules leaving crater-like 
marks on surface. 
Pigment: None. 
26. Mannose agar 
Growth: Well raised, dirty white growth after 011e week; little 
subsurface development. 
Aerial mycelium: White. 
Pigment: None. 
27. Sucrose agar 
Growth: Evident in 4 days; subsurface well developed. 
Aerial mycelium: Blue gray. 
Pigment: Medium becomes light purple under growth. 
Actinomyces 600 
I. Morphology 
1. Spirals 
None noted; hyphae usually thick, slightly tapering. 
2. Conidia 
Fine threads form which break up into rod shaped elements re-
sembling bacilli; these are found to consist of small spherical 
spores. As a rule, one tube which branches profusely forms when 
gerimina ting. 
3. Colonies: Oblong, deep when young, later, round, massive with 
hypae extending slightly beyond the compact edge. See Plate X. 
II. Cultural Characteristics 
1. Medium 1 
Growth: Small floating masses appear in 4 to 6 days; surface 
white, dusty. 
Aer ial mycelium: White, dusty. 
la. Medium 1 with 0.1 percent dextrose 
Growth: Upper surface white; under surface, yellow; on bot-
tom and surface of liquid. 
Aerial mycelium: White, dusty. 
Pigment : Light yellow. 
2. Mediiim 2 
Growth: White, lace-like, floating, appears in 4 to 7 days. 
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Aerial mycelium: White. 
Pigment: None. 
2a. Medium 2 with 0.1 percent dextrose 
Growth: White masses floating on surface, adhering to sides of 
flask; some on bottom. 
Aerial mycelium: White, dusty. 
Pigment: Light yellow. 
3. Nutrient agar 
Growth : Good, wrinkled, easily removed for there is scarcely 
any subsurface growth ; yellow to brown. 
Aerial mycelium: Few, white at first, turning to light pink. 
Pigment: None noted. 
4. Nutrient broth 
Growth: Mass on surface; very little on bottom; very few sub-
surface mycelia; broth remains clear. 
Aerial mycelium: White. 
Pigment: None. 
5. Gelatin 
No growth. 
6. Dextrose agar 
Growth: Heavy, shallow, no subsurface growth noted. 
Aerial mycelium: White, powdery; assumes a cream color in older 
cultures. 
Pigment: None. 
7. Calcium malate agar 
Growth: Tiny specks appear in 2 weeks; become well raised, 
pinkish ; no subsurface growth. 
Aerial mycelium: Gray at first; later, light pink. 
Pigment: None. 
8. Milk 
Growth: Very slow; tiny white specks form in ring around tube 
in 2 weeks ; gradually cover the surface, no coagulation noted. 
9. Litmus milk 
Growth : Begins after 2 weeks, gradually covers surface. 
Aerial mycelium: White, dusty. 
Pigment: Milk turns light green in 4 weeks; white layer on 
bottom. 
Reaction : Basic. 
10. Tyrosine agar 
Growth: Thin surface layer, very little subsurface development. 
Aeri,al mycelium: White, become light pink. 
Pigment: None. 
THE ISOLATION OF SOME NITRIFYING ORGANISMS 151 
11. Ammonium sulfate dextrose agar 
Growth: Shallow surface layer at first, dirty yellow; raised with 
wart-like protrusions, in old cultures. 
Aerial mycelium: White, dusty. 
Pigment: None. 
12. Starch agar 
Growth: Poor, shalfow surface growth. 
Aerial mycelium: White, fuzzy. 
Pigment: None. 
Hydrolysis: None. 
13. Bean agar 
Growth: Pin point specks appear in 12 days; grow quite rap-
idly, form well raised, pinkish growth. 
Aerial mycelium: Pink, dusty. 
Pigment: Light yellow. 
14. Cellulose agar 1 
Growth: Growth in 4 days, shallow, white. 
Aerial mycelium: White, fine. 
Pigment: None. 
l 5. Cellulose agar 2 
Like the growth on cellulose agar 1. 
16. Potato plug 
Growth: None. 
17. Carrot plug 
Growth: None. 
18. Turnip plug 
Growth: Small white specks adhering to tube near contact with 
plug in 7 days; slowly extend to water in bottom of tube, and 
after 3 weeks, attacks side of plug. 
Aerial mycelium: White. 
Plug : No change in 6 weeks. 
19. Onion agar 
Growth: None. 
20. Humus agar 
Growth : Good in 3 days. 
Aerial mycelium: White. 
Pigment: None detected; medium is black. 
21. Manwitol agar 
Growth: Pin point specks appear in 4 days; become wrinkled, 
well raised. 
Aerial mycelium : Pink. 
Pigment: None. 
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22. Lactose agar 
Growth: Appeal'S in 6 days as small specks; becomes smooth; 
surface with even edges. 
Aerial mycelium: Powdery white with pink tint. 
Pigment: None. 
23. d-Galactose agar 
Growth: Appear.g in 4 to 6 days; develops well. 
Aerial mycelium: Whitish-pink, powdery. 
Pigment : None. 
24. Levulose agar 
Growth: Appears in 7 days as small dots ; develops well; be-
comes heavy, wrinkled. 
Aerial mycelium: Light pink. 
Pigment: None. 
25. Xylose agar 
Growth : Develops well after 10 days. 
Aerial mycelium: Light pink, powdery. 
Pigment: None. 
26. Mannose agar 
Growth: Small specks appear in 4 days; then develop well; be-
come wrinkled. 
Aerial mycelium: Light pink; powdery. 
Pigment: None. 
27. Sucrose agar 
Growth: Appear.g in 4 days; develops rapidly; becomes very 
heavy and wrinkled. 
Aerial mycelium: Light pink, powdery. 
Pigment: None. 
Bacterium 500 
I. Morphology 
Form: Ovoid in stained preparations, more nearly a rod on a.gar 
block. See Plate VIII. 
Size: 1.4 micron by 2.0 to 2.5 microns in stained preparations; much 
larger when observed on a:ga.r block. Usually observed in chains of 
2 to 6 cells or in groups. In stained preparations, resembles strings 
or bunches of sausages. 
Motility: Motile with one :flagellum, long, near pole; cells progress 
like train of cars in hanging drop. 
Staining renctions: Stains readily with ordinary stains; gram negative. 
Spore formation: None noted. 
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II. Cultural Characteristics 
1. Medium 1 with 0.1 percent dextrose 
Growth: Liquid slowly becomes slightly turbid; the MgG03 be-
comes somewhat granular, like crumbs. No coloration, except 
with higher concentrations of dextrose. 
2. Medium 2 with 0.1 percent dextrose 
Growth: None. 
3. Nutrient agar 
Growth: Colonies develop rapidly, pink; m old cultures the 
growth becomes almost black. 
Medium: No change. 
4. Nutrient broth 
Growth: Very rapid, chiefly on bottom of tube, when disturbed, 
white flakes become dispersed in the liquid, the broth rapidly 
clouding. 
5. Gelatin 
N-0 growth. 
6. Dextrose agar 
Growth: Good in 24 hours; br-0wnish-white. 
Medium: No change. 
7. Calcium malate agar 
Growth: Good in 24 hours; whitish-gray ; this slowly turns 
brownish-pink. 
Medium: No change. 
8. Milk 
Growth: Apparent in 24 hours on surface, in 4 weeks milk com-
pletely digested. Liquid yellow to brown. 
Reaction : Baisic. 
9. Litmus milk 
Growth: Same as in milk at beginning ; white layer of liquid 
forms on bottom. As digestion p roceeds, the liquid becomes light 
yellowish-brown, then finally assumes a, purple tint. 
Reaction : Basic. 
10. Tyrosine agar 
Growth: Honey-like globules form in 8 to 10 days; become flat, 
blue-gray. 
11. Ammonium sulfate dextrose agar 
Growth: Bluish-gray, honey-like gl-0bules. 
Medium: No change. 
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12. Starch agar 
Growth: Appears in 2 to 3 days, blue-gray. 
Hydrolysis : Complete in 2 weeks. 
13. Bean agar 
Growth: Very rapid, covering line of inoculation in 15 hours, 
buff, oily appearance. 
Medium: Becomes light yellow. 
14. Cellulose agar 1 
No growth. 
15. Cellulose agar 2 
No growth. 
16. Potato plug 
Growth: Honey-Eke globules appear in 2 days, this turns to 
buff, well raised, oily growth in 5 to 6 days. The growth darkens 
to a brown in 4 weeks. 
Plug: Darkens. 
17. Carrot plug 
Growth: Grayish mucous-like in one tube, nothing in other. Re-
peated with same result. Inconclusive. 
18. Turnip p](ug 
Growth: Very rapid; buff, flat, rapidly covers all of plug. 
Plug: Brown. 
19. Onion agar 
No growth. 
20. Hum us agar 
No growth. 
21. Mannitol agar 
Growth: Heavy buff and cream mottled, lobular; creaim; turns 
to buff and buff to dark pink with age. 
Medium: No change. 
22. Lactose agar 
Growth: Same as 21, medium darkens slightly. 
23. d-Galactose agar 
Growth: Brownish gray; becomes mottled buff and gray. 
Medium: Darkens. 
24. Levulose agar 
Growth: Same as 22, except that medium becomes light yellow. 
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25. Xylose agar 
Growth: Very poor, blue-gray. 
Medium: No change. 
26. Mannose agar 
Growth: Good brownish-gmy at first, then very slow. 
Medium: No change. 
27. Sucrose agar 
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Growth: Heavy brownish-gray in 3 days; finally becomes dark 
pink in 4 weeks. 
Medium: Slightly darkened. 
Coccus 800 
I. Morphoiogy 
Form: Coccus, some cells slightly ovoid in rapidly growing cultures. 
Size: 0.6 to 0.8 micron average diameter. Usually form sheets on the 
slide, the cells being surrounded by a zoogleal mass. See Plate IX. 
Motility: Could not detect, nor could any flagella be found. 
Staining reactions: Stains easily with ordinary stains. Gram negative. 
Spore formation: None noted. 
IL Cultural Characteristics 
1. Medium 1 with 0.1 pereent dextrose 
Growth: Chiefly on bottom, MgC03 slowly becomes granular 
crumbly. 
2. Medium 2 with 0.1 percent dextrose 
Growth : On bottom, forming slimy mass. 
3. Nutrient agar 
Growth: Very rapid, white by reflected light, blue by transmit-
ted. SUJbsurface colonies ovoid, granular, yellow to brown. 
Medium: No change. 
4. N tdrient broth 
Growth: S'low, forming long, thin threads; if agitated, becomes 
cloudy. 
5. Gelatin 
Growth: None. 
6. Dextrose agar 
Growth: Very heavy blue-gray. 
Medium: Unchanged. 
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7. Calcium malate agar 
Growth: Very heavy bluish-white; after 24 days brown pin 
point spots appear on the surface of growth; these slowly enlarge. 
Medium: Becomes brown. 
8. Milk 
Growth: Rapid; becomes yellowish-brown when digested. 
Reaction : Basic. 
9. Litmus milk 
Growth: Same as in milk; tubes become white on bottom, and 
after digestion, pink. 
Reaction : Basic. 
10. Tyrosine agm· 
Grmvth: Very heavy blue-gray, slowly turns to light brown. 
Medium: Becomes yellowish-brown. 
11. Ammonium sulfate dextrose agar 
Growth: Blue-gray; turns to light brown. 
Medium: No change. 
12. Starch agar 
Growth: Rapid; white with bluish tint. 
Hydrolysis: Rapid. 
13. Bean agar 
Growth: Heavy, creamy layer on surface. 
Medium: Gradually turns brown. 
14. Cellulose agar 1 
No growth. 
15. Cellulose agar 2 
No growth. 
16. Potato plug 
Growth: Yellowish, creamy, spreads rapidly, gradually darkens. 
Plug: Becomes brown. 
17. Carrot plug 
Growth: Creamy, spreading rapidly; turns water in tube turbid. 
Plug: One turned black; the other, brown. 
18. Tnrnip plug 
Growth: Rapid, grayish-yellow; becomes light blue in 4 weeks. 
Plug: Light brown. 
19. Onion agar 
Growth: None. 
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20. Humus agar 
Growth: None. 
21. Mannitol agar 
Growth: Very good, gray-white. 
Medium: Light yellow, then light brown. 
22. Lactose agar 
Growth: Slow, bluish-gray, oily. 
Medium: Light brown. 
23. d-Galactose agar 
Growth: Good, :blue-gray. 
Medium: First, yellow; then light brown. 
24. Leviilose agar 
Growth: Good, blue-gray. 
Medium: Light yellow. 
25. Xylose agar 
Growth: Very slow; blue-gray. 
Medium: No change. 
26. Mannose agar 
Growth: Good, bluish-white. 
Medium: Yellowish-brown. 
27. Sucrose agar 
Growth: Very rapid, blue-gray. 
Medium: Light yellow. 
SYSTEMATIC POSITION OF THE NITRIFIERS 
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The author believes that many of the soil organisms can utilize am-
monia or nitrites as a source of energy under certain conditions. The or-
ganisms described by Winogradsky and others were in all probability very 
materially changed physiologically by being cultivated in purely mineral 
solutions for considerable periods. That pure cultures were obtained is 
not unlikely, but it is probable that either the majority of this group of 
organisms have not been isolated or their power to oxidize nitrogen com-
pounds has not been ascertained. 
In view of these considerations it is considered unwise to name the 
organisms described in this paper. The author is at present continuing 
these studes under a grant from the National Research Council and hopes 
to discuss this subject after more data are available. At the present time 
the data are too meager and conflicting to properly allocate the nitrifiers 
to their proper place in the scheme of classification. 
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SUMMARY 
Preliminary tests are described which were carried out in an attempt 
to isolate nitrifying organisms which would not grow in nutrient broth. 
These tests failed. All organisms isolated by means of silca gel or washed 
agar plates grew in nutrient broth. 
Experiments were then oonducted to learn if these organisms could 
multiply in a purely mineral solution. It was found that they multiplied 
rapidly when transferred from an enrichment culture to a fresh mineral 
solution, but if transferred from nutrient agar they died off rapidly. 
However, when a sufficiently large inoculum was used, the organisms sur-
vived and finally multiplied. 
It was then decided to test the effects of a low concentration of dextrose 
on the multiplication of organims transferred from nutrient agar to a 
mineral medium containing dextrose and it was found that the organisms 
not only multiplied rapidly, 'but oxidized some 3JililllOnium sulfate in this 
mineral medium after four weeks. The next experiment confirmed these 
results and proved that these organisms can be cultivated in broth and can 
later nitrify ammonium sulfate when placed in a suitable medium. This 
shows that the broth test for purity of nitrifying cultures is worthless. 
While the organisms studied in this work grew in nutrient broth, it is not 
at all certain that all nitrifiers w-0u1d grow under these conditions. 
Several tests are reported showing the effects of various concentra-
tions of dextrose on the nitrification process in solution and in soil. No 
attempt was made to stimulate a high rate of oxidation, but simply to dem-
onstrate the ability of these organisms to nitrify ammonia and in some 
cases nitrites when placed in suitable environment. 100 c.c. portions of the 
medium in 500 c.c. Erlenmeyer flasks were used for the cultures. 
Morphological and cultural characteristics of the six organisms iso-
lated are given. These species grow well on ordinary laboratory media, 
some growing better on one medium and some on another. Three of the 
species grow well with nitrite ·as the source of nitrogen, but the others do 
not grow at all. Tests also show that these three organisms may oxidize 
either ammonium sulfate or nitrites, depending on the conditions. How-
ever, when the three organisms are cultivated in an ammonium sulfate 
medium, very little nitrate appears. 
These experiments indicate that ammonium sulfate and nitrites are 
used for energy only, when more easily available sources of energy such as 
dextrosL ue lacking or limited. Further studies will be conducted on these 
organims during the next year. 
CONCLUSIONS 
1. Six species of nitrifying organisms were isolated and studied in 
pure culture. Of these four were Actinomyces and two were bacteria. 
2. These organims grow well on most of the ordinary laboratory 
media, which shows that the broth test for purity of nitrifiers is worthless. 
3. Tests are reported showing that these organims will nitrify am-
monium sulfate in soil and solution. 
4. Morphological and cultura:l studies are reported showing some of 
the characteristics of these organisms. 
5. This work seems to indicate that ammonia and nitrites are used 
for energy by microorganisms only when other more easily available 
sources are limited or a:bsent. 
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PLATE I. 
Four colonies of Actinomyces on silica gel, natural size. Organisms from these 
colonies were isolated but not studied owing to lack of time. In the square, a colony 
of Actinomyces tiOO on silica gel from which this organism was isolated. Note the scars 
made by the micropipette when transfers were made. Enlarged about three diameters. 
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PLATE II. 
Actinomyces 600. From left to right on the picture of (1) medium 1 without 
dextrose; (2) medium 1 with 0.10 percent dextrose; ( 3) medium 1 with 2.00 percent 
dextrose; (4) medium 2 without dextrosr; (5) medium 2 with 0.10 percent dextrose; 
(6) medium 2 with 2.00 percent dextrose. 
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PLATE.III. 
Actinomyees 400. From left to right on the picture are ( 1) medium 1 with 0.10 
percent dextrose; (2) medium 1 with 2.00 percent dextrose; (3) medium 2 with 0.10 
percent dextrose; ( 4) medium 2 with 2.00 percent dextrose. 
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PLATE IV. 
Culturs of Actinomyces on soil. From left to right on the picture they arc (1) 
Actinomyces 200 on soil with ammonium sulfate; (2) Actinomyccs 300 on soil with 
ammonium sulfate; (3) Actinomyccs 400 on soil with ammonium sulfate; (4) Actino-
myccs 400 on soil with sodium nitrite; ( 5) Actinornyccs 600 on soil with ammonium 
sulfate; (6) Actinomyces 600 on soil with sodium nitrite. 
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PLA'rE V. 
Colonies of Actinomyces 200 on nut.ri <'n t agar stained with gen t ian violet. Photo-
graphefl with 16 mm. objective a nd number 10 ocular. 
PLA'rE VJ. 
Colonies of Actinomyces 300 on nutrien t agar sta inefl with gen t ian violet. P hoto-
grnphecl wi th 16 mm. objective a nd number 10 ocula r. 
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PLATE V (above); P late VI (below). 
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PLA 'l'E VII. 
Colonies of Acti11omyces 400 developing on nutrient agar. Not stained. Photo-
graphed with 16 mm. objectivff and num ber 10 ocular. 
PLATE VIII. 
Bacterium 500, ::i young culture, stained with ge'ntian violet. Photographed with 
1.9 mm. objective and number 10 ocular . 
• 
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PLATE VII (above); PLA'rE VIII (below). 
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PLATE IX. 
Cort us 800, a young culture, stained with gent ian viokt. Photographed with l .!) 
mm. obj ective and nu111 bcr 10 ocula r. 
PLATE X. 
Colo11ies of Actinomycrs 600 developing on nut rient agar . Not stained. P hoto-
g raphed wit h 16 mm. objecti ve a nd numb er 10 ocular. 
THE ISOLATION OF' SOME NITRIFYING ORGANISMS 175 
. "' .. \ 
. ... 
. . 
• 
PLA'rE lX (above); PLATE X (below). 

~OME FACTORS INFLUENCING THE PATHOGENICITY OF 
USTILAGO ZEAE (BECKl\<L) UNGER. 
By GUSTAV A. PLATZ' 
From the Botany Section, Iowa Agriciiltural Experiment Station, Iowa State Collegr . 
Accepted for publication Nov. 30, 1928. 
Brefeld's (2) excellent contribution to the method of infection of com 
by Ustilago zeae (BekiJn.) Ung. added much to our understanding of this 
disease. However, he left much to be learned regarding the factors influ-
encing infection, such as moisture, temperature, morphology of the host, 
and relaitive susceptibility of different varieties and strains of corn. 
Progress in developing strains of corn highly resistant to smut, as an 
effective control measure, has been slow, due to unsatisfactory methods of 
measuring the comparative resistance of different strains of corn. The in-
jection method quite generally adopted by various workers in the study of 
the reaction of Zeae mays L. to Ustilago zeae, excludes the necessity of pene-
tration on the part of the pathogen and is, therefore, not comparable to 
natural infection. Since it is possible that resistance or susceptibility of 
different strains of corn to smut iJilay be dependent upon the relative ac-
cessibility of the susceptible parts of the hosts to the pathogen, it seems 
essential in artificially determining the resistance or susceptibility of any 
particular strain, tha,t the plants be exposed to uninjured attack by the 
fungus. 
In order to develop a satisfactory method of artificially testing the 
relative susceptibility of different strains of corn to infection, experiments 
were devised, both in the greenhouse and the field, in which the develop-
ment of the pathogen was followed and the relation of this development to 
the structures of the host plant was observ:ed. These experiments were 
conducted under various conditions of humidity and temperature, to de-
termine the influenc;e of these latter factors upon infection. Studies were 
made, also, to determine the time, location, and extent of infection occur-
ring naturally in the field. 
Review of pertinent literature 
The first significant study of the infection of corn by U stilago zeae was 
made by Brefeld (2) which conclusively established the fact that corn smut 
is not a systemic disease. It seemed worth while to review Brefeld 's work 
rather fully because of its importance in this problem. He studied the sus-
ceptibility of growing com plants to infection by U stilago zeae, beginning 
with the germinating kernel. He used five different varieties of corn in hi"l 
experiments, but, finding no difference in their susceptibility, he reported 
1.he results of his work as a whole, iNespective of the variety of corn. In 
'This paper was presented to the graduate faculty of Iowa State College in partial ful-
fillment of the requirements for the degree, Doctor of Philosophy. The writer ia 
grateful to Dr. I. E. Melhus, Professor of Plant Pathology, Iowa State College, 
under whom the work was done, for many helpful suggestions and criticisms. 
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general, he used the following three methods in exposing the plants to in-
fection: (1) impregnating the soil in which the corn was planted with 
sporidia, (2) spraying the plants or parts thereof by means of an atomizer 
with a suspension of the sporidia, and (3) dropping the sporidial suspen-
sion into the terminal leafspirals with a "Spritzflasche "•. In each case he 
used sporidia obtained from pure cultures grown in a nutrient solution. 
All corn for his experimental work was planted in boxes in the laboratory 
early in the spring and transplanted into the field later in the season. 
In an experiment in which he p1anted soaked ungerminated corn in a 
fert.ilized soil impregnated with sporidia, one plant of 50 became infected 
and died within four weeks from the develop,ment of a smut boil on the 
young stem just below the ground. 
In a series o.f experiments in which he sprayed young seedli!llgs with a 
sporidial suspension, he did not obtain much better results. In these tests, 
the corn was sown on the surface of the soil in boxes (50 kernels in a box). 
After the grain germinated, the young plants in four successive stages of 
growth were sprayed with the sporidial suspension and were kept covered 
with glass for two or three days. They were then exposed to the open 
air of the laboratory for two weeks and were subsequently transplanted to 
the field to mature. Of 200 plants in which the plmnule with its surround-
ing coleoptile was just protruding from the kernel at the time they were 
sprayed, 16 became inf,ected. Of 200 plants, sprayed when the plumule 
had grown slightly longer, but had not yet pierced the col.eoptile, five be-
came infe0ted. One hundred plants sprayed just after the plumule had 
pierced the coleoptile remained non-infected. Similar experiments, con-
ducted the following spring, in which seedlings, somewhat larger than those 
previously used, were sprayed with the sporidial suspension, likewise, gave 
negative results. 
In experiments in which he dropped the sporidial suspension into the 
terminal leaf-spirals ·of the growing plants, he obtained very striking re-
~ults. Of 100 plants about a foot tall thus treated, every plant became in-
fected. These plants had been selected for infection studies because the 
terminal leaf-spirals formed by the unfolding leaves were particularly well 
developed. The corn had been planted in the laboratory in April; the 
plants were transplanted into the field in May and were treated about the 
middle of June. They were covered with straw mats for five days after 
being treated, in order to keep off the rain, and were then exposed to the 
open until mature. 
With plants somewhat smaller, about one-half foot tall, Brefeld (2) 
found that the success of infection depended upon the extent to which the 
teljlilinal leaf-spfrals had developed. He noted that this characteristic of 
eorn plants varied greatly in different varieties of corn and in different 
individuals of any one variety. He was unable to infect plants with poorly 
developed leaf-spirals, but succeeded in infecting all plants that had formed 
open leaf-spirals at this age. On the other hand, he was not very success-
ful in infecting plants larger than one foot tall by dropping the suspension 
*Spritzfiasehe is defined in Muret-Sanders Enzyklopadisches Worterbuch (Deutsch· 
English) as follows: " chm. washing-bottle." This is, no doubt, a washing-bottle 
as is used in chemical laboratories. It is not known whether the instrument used 
by Brefeld was so constructed. 
FACTORS INFLUENCING PATHOGENICITY OF USTILAGO ZEAE 179 
of sporidia into the leaf-spirals even though these were well developed. 
Of 50 plants that he treated in this manner when about one and one-half 
feet tall, only six became infected. Plants that he treated when more than 
one and one-half feet tall remained entirely free from smut symptoms. He 
concluded that the sporidial suspension was no longer able to come in con-
tact with penetraJble tissue in these larger plants. Brefold also obtained 
infection on the ears and on the adventitious brace-roms of corn plants. 
The ears were infooted by dropping the sporidial suspensions into the dis-
tal ends with the "Spritzflasche" before the silk began to show or by ex-
posing the young ovaries at the time of silking and spraying the suspension 
upon them with an atQmizer. By both methods he obtained a rather high 
percentage of infection. He infected the adventitious roots by spraying 
the young tips with the sporidial suspension and wrapping them with 
parchment paper. 
During his experimental work on infection, Brefeld (2) made a micro-
scopic study of the penetration of the germ tube of the sporidia into the 
tissues of the host. He reported the observation of a few cases of penetra-
tion after spraying young seedlings with the sporidial suspension. These 
0ccurred only at the root-nodes. He found, however, that prolific penetra-
tion occurred when plants from one-half to one foot tall were treated by 
dropping the sporidial suspension into the terminal leaf-spirals. Within 
five days after treatment, the infecting-hyphae had penetrated the · epider-
mis of the tender innermost leaves and the growing tips of the stem so that 
these tissues were literally perforated. By examining older plants that 
were similarly treated, he noted that as the tissues became more mature they 
became less liable to penetration. In some cases, he found that penetration 
had taken place, but that further develoPJment of the disease was arrested 
due to the rapid maturing of the host tissue that had been invaded. 
In his account of the results of his experimental work, Brefeld (2) 
descri-bed in detail the first symptoms of corn smut as the disease manifests 
itself on the host and the subsequent development cf these symptoms. He 
pointed out that the first symptom, especially on the leaves, is a discolora-
tion of the infected area. The color of these areas varies from pale green 
to cream-yellow. T:he infected region may be uniformly discolored or ir-
regularly mottled, streaked or even blotched due to the coalescence of the 
E:mall initially infected spots. The discolored areas may bec0ime entirely 
bleached and even necrotic so that the tissues become disintegrated and 
torn. Also, they may become crinkled with wavy, knot-like roughenings, 
many of which later develop into small boils. In the latter case, a reddish-
brown margin is often formed around ·the infected spots. On the other 
hand, the discolored areas may entirely disappear due to the death of the 
invading ,mycelium and subsequent restoration of normalcy in the host 
tissue. 
From the results of his experiments, Brefeld (2) concluded that in-
fection of corn by U stilago zeae is possible on the leaves, on the stem, on 
the apical staminate inflorescences, on the axillary pistillate inflorescences 
imd even on the adventitious roots. He concluded further that infection 
on · any of these pfa.nt parts is possible only when viable sporidia come in 
contact with the host tissue that is sufficiently tender to permit the penetra-
tion of the germ tubes of these spores. 
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Hitchcock and Norton (8) and Clinton (4) confirmed the findings of 
Brefeld (2) as to the aerial and local nature of the infection by Usti7,ago 
zeae. Hitchcock and Norton (8) concluded further that infection may take 
pl,aco in any part of the plant where growing tissue is present, and at any 
time in its life, but scarcely ever before the plant has attained the height of 
three feet. This statement does not agree with the findings of Brefeld (2) 
since his best results were obtained with plants about one foot tall. Clin-
ton ( 4) found also that p.nutilation of the plants, by detasseling about the 
time for the appearance of the tassels, increases the chances for infection. 
Piemeisel (13), likewise, concluded f.rom the results of experiments that in-
jury of the host increases the chance for infection. On the other hand, Mac-
Millan (12), studying the conditions surrounding an epidemic of corn smut 
following hail in a small district near Greeley, Colorado, reported that, in 
spite of the fact that the corn plants showed a:bundant bruises and shattered 
leaves, the infection had taken place only at the leaf axils, not through 
wounds or bruises. His findings seem to be at variance, therefore, with 
those of Clinton (4) and Piemeisel (13). 
Cli:nton ( 4), Arthur and Stuart ( 1), Piemeisel ( 13), and Potter and 
Melchers (i4) made special study of the ecological factors influencing in-
fection by U stilago zeae. They noted that a ,moist or rich soil, thickly 
planted corn, maintaining a moist atmosphere between the plants or any 
other conditions that induce a vigorous -growth and softness of tissues are 
conducive to the development of much smut. Arthur and Stuart (1) con-
cluded that infection takes place largely during cloudy days or dewy nights 
though less smut often occurs in an esp.eci,ally rainy season than in a dry 
season. Potter and Melchers (14) also found that the disease is more 
prevalent in dry seasons than in wet seasons. Though Arthur and Stuart 
( 1) and Piemeisel ( 13) reported more smut on early planted corn than on 
corn planted late in the season, Potter and Melehers (14) noted no appre-
ciable difference in the amount of smut on early and late plantings. The 
above mentioned workers thus have pointed out eertain ecological factors 
that affected the preval.ence of corn smut though the influence of these fac-
tors is as yet not definitely understood. 
Jones (11) was probably the first investigator who noted that suscep-
tibility of corn to infection by U stilago zeae is governed by hereditary fac-
tors which are capable of being segregated. His findings have been con-
firmed and enlarged upon by several subsequent workers. Potter and 
Melchers ( 14), for instance, secured strains of corn by ill'breeding that 
showed great variation in susceptibility to infection. Hayes et al. (7 ), 
Garber and Quisenberry (5) and Inuner (9) found that the prevailing 
point of infection on susceptible strains of corn seemed to be a strain char-
acteristic. Immer and Christensen (10) noted that the factors det ermin-
ing resistance or susceptibility are transmitted in the same ,manner by both 
male and female gametes. Tisdale and Johnston (16) endeavored to find a 
means of testing corn seedlings for resistance to smut. They reported that 
strains of corn that showed resistance in the field also showed resistance in 
the greenhouse when inoculated during or after the three-leaf stage. LikC'-
wise susceptible strains in the field were equally susceptible when inoculated 
in the greenhouse. On the other hand, Griffiths (6) has found that selfed 
lines of corn that showed resistance to natural infection in the field were 
susceptible to corn smut when inoculated in the greenhouse by injecting 
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a sporidial suspension into the young tissues. It is evident, therefore, 
that, though it has been shown that susceptibility of corn to infection by 
U stilago zeae is governed by inher·ent characteristics of the host, it is not 
known whether these characters are morphological or physiological. 
Christensen and Stakman (3) in their studies with corn smut have 
found that the fungus is a group species comprising numerous physio-
logical forms which vary in the virulence with which they attack different 
strains of corn. More recently (15) they have presented evidence that 
U stilago zeae is heterothallic and that a diffeTence in the degree of infec-
tion on the same strain or -0n different strains of corn is due to whether 
only one or both forms of the fungus have invaded the host. These findings 
make the study of resistance of corn to &mut more complicated and present 
further need for an analysis of the relation of the morphology and the 
physiology of the corn plant to infection. 
SMUT INFECTION OF REID'S YELLOW DENT CORN, S'l'RAIN IODENT, NEAR 
AMES, IOWA, FOR THE YEARS 1923 AND 1927. 
Observations dluring 1923 
The occurrence of corn smut in 13 plots of corn in different fields near 
Ames, Iowa, was studied in 1923. Readings on the prevalence of the dis-
ease in these plots were made three times during the summer: July 20 to 
25, August 5 to 10, and August 25 to 30. The results of this survey are 
shown in Tables I and II. 
TABLE I. PREVALENCE OF SMUT INFECTION IN 13 PLOTS OF REID'S 
YELLOW DENT CORN (S'l'RAIN IODENT) NEAR AMES, IOWA, 1923 
No. Plants Percent smut-infec.tion 
examined July 20-25 August 5-10 August 25-30 
800 5.8 10.2 29.3 
720 1.6 4.5 11.4 
320 4.0 9.7 10.0 
160 0.6 2.5 13.1 
1500 0.8 2.8 5.7 
630 2.2 10.3 
3030 2.6 5.4 
3150 5.7 8.3 
1650 4.3 6.9 
2025 3.4 6.7 
600 1.6 4.6 
2310 5.0 8.1 
360 2.7 6.6 
Total 
17,255 2.4 4.3 7.9 
Reference to TaJble I shows that 7.9 percent of the 17,255 plants that 
w.ere examined were attacked by smut. At the time the first readings were 
made, July 20 to 25, the amount of smut was comparatively small, from 
0.6 to 5.8 percent of the plants in the different plots or 2.4 percent of the 
~~,500 plants examined at this time. The second reading, August 5 to 10, 
showed that the percentage of smutted plants ranged from 1.6 to 10.2 per-
cent in the several plots or 4.3 percent of the 17,255 plants that were ex-
amined. The third reading, taken August 25 to 30, showed that 4.6 to 
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29.3 percent of the plants in the different plots had become diseased by 
this time. A total of 7.9 percent of the 17,255 plants had been attacked. 
'l'here was, therefore, a successive increase during the growing season of 
the number of corn plants showling infections with smut. 
'l'ABLE II. CORN-SMUT INFECTION ON VARIOUS ORGANS OF THE PLANTS 
AT THREE DIFI<'ERENT STAGES OF GROWTH DURING THE GROWING SEA-
SON AT AMES, !OW A, 1923. 
No. plants Percent infection of 
Date examined I Leaves Tassels I Nodal buds Ears 
July 
20-25 3,500 1.5 0.0 0.5 0.0 
Aug. 
5-10 17,255 1.7 1.9 0.9 0.1 
Aug. 
25-30 17,255 1.8 2.2 3.4 1.3 
By referring to Table II, it may be noted that at the time of the first 
1·eading, July 20 to 25, infection was limited largely to the leaves. Of the 
3,500 plants that were examined, 1.5 percent were infected in the leaves 
and 0.5 percent in the nodal buds. By August 5 to 10, infection of the 
leaves and of the nodal buds showed very little increase. Ear-infection 
had just 'begun to manifest itself by this time. The highest percentage of 
infection, however, was on the tassels. Of the 17,255 plants that were 
examined at this time, 1.9 percent were attacked in the tassel, 1.7 percent 
in the leaves, 0.9 percent in the nodal buds and 0.1 percent in the ear. 
At the time the last readings were made, August 25 to 30, leaf-infection 
and tassel-infection showed very little increase over the previous reading. 
Nodal-infection and ear-infection, however, showed a marked increase. Of 
the 17,255 plants e:iramined, 3.4 percent were infected at the nodes, 2.2 
percent in the tassel, 1.8 percent in the leaves and 1.3 percent in the ears. 
During the growing season, therefore, the d~sease was at first most preva-
lent on the leaves, then on the tassels and finally at the nodes. The diseased 
plants were infected most often in the axillary buds at the nodes and least 
often in the ears. · 
Observations in 1927. 
Data on the occurrence of corn-smut infection, similar to the data se-
eured iin 1923 were gathered in 1927 from 17 plots of Reid's Yellow Dent 
corn. The results of this study are presented in Tables III and IV. 
The data recorded in '!'able III show that there was a successive in-
l'l'ease in the number of plants infected with smut during the growing 
&eason in each of the 17 plots. When the first reading was made, July 
20-25, 0.4 to 14.4 percent of the plants in the different plots were infected. 
By August 20 to 25, when the second reading was made, the percentage 
of smutted plants ranged from 0.8 to 21.7 percent in the several plots. 
When the last reading was made, August 25-30, 2.1 to 34.0 percent of the 
plants in the different plots had become infected with smut. Of the 3,9711 
plants examined in the 17 plots, 5.1 percent were infected by July 20 to 25, 
8.9 percent by August 5 to 10, and 15.7 percent by August 25 to 30. 
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TABLE III. PREVALENCE OF SMUT-INFECTION IN 17 PLOTS OF REID'S 
YELLOW DENT CORN (STRAIN IODENT) NEAR AMES, IOWA, 1927. 
Plants Smut-infection 
Examined July 20-25 August 5-10 August 25-30 
No. Percent Percent Percent 
135 0.7 3.0 7.4 
151 6.6 10.6 17.9 
142 6.3 11.9 12.6 
244 1.2 5.3 11.9 
252 1.5 3.5 10.3 
278 0.7 1.4 2.1 
246 0.4 0.8 3.6 
230 2.6 4.3 7.4 
247 2.4 4.8 10.9 
284 4.2 8.8 9.1 
222 1.8 3.6 27.0 
234 6.4 8.5 11.9 
236 14.4 17.3 22.4 
235 8.1 8.5 11.0 
284 3.5 13.0 27.4 
264 12.8 20.4 34.0 
290 11.7 21.7 30.3 
Total 
3,974 5.1 8.9 15.7 
Table IV shows that at the time of the first reading, July 20 to 25, 
the infection was largely limited to the leaves. Of the 3,974 plants exam-
ined, 4.9 percent were infected in the leaves and 0.1 percent in the nodal 
buds. No infection had occurred on the tassels illor on the ears at this time. 
By August 5 to 10, however, 5.5 percent of the plants were infected in the 
leaves, 2.7 percent in the nodal buds, and 0.9 percent in the tassels, though 
there was no infection on the ears. When the last reading was made, 
August 25 to 30, 5.9 percent of the plants showed nodal-infection, 5.7 per-
cent leaf-infection, 3.6 percent tassel-infection, and 0.2 percent ear-infec-
tion. During the growing season, the1~fore, the smut was at first most 
prevalent on the leaves, but later most prevalent at the nodes. The axillary 
buds at the nodes were most often attacked and the ears least often. 
'rABLE IV. CORN-SMUT INFEC'l'ION ON VARIOUS ORGANS OF ·rHE PLANTS 
AT THREE DIFFEREN'l' STAGES OF GROWTH DURING THE GROWING 
SEASON, 1927 
July 20-25 
Aug. 5-10 
Aug. 25-30 
No. plants I Percent infection of 
examined ·\--L-ea_v_e_s -,---,-r-as_se_l_s_ -,..--N_ o_d,....a_l _b_u.,..ds-.-1 __ E_a_r_s __ 
3,974 I 4.9 o.o 0.1 I o.o 
3,974 5.5 0.9 2.7 0.0 
3,974 5.7 3.6 5.9 0.2 
UOMPARISON OF THE PREVALENCE OF CORN-SMUT INFECTION ON THE 
STRAIN IODENT CORN NEAR AMES, IOWA, IN 1923 AND 1927. 
The data presented in Tables I and III show that on Reid's Yellow Dent 
Corn, strain Iodent, smut was more prevalent around Ames, Iowa, in 1927 
than in 1923. Of 17 ,255 plants exa.mined in 1923 there were 7 .9 percent 
infected by smut, whereas, 15.7 percent of 3,974 plants examined in 1927 
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showed infection. A similar contrast of the prevalence of the disease for 
the two years as it developed on the leaves, tassels, nodal buds, and ears 
of the plants, is shown by the data recorded in Tables II and IV. Though 
the disease manifested itself almost exclusively on the leaves in July of both 
years, there were 3.06 times as many plants with leaf-infection at the s~me 
time in 1927 as there were during the corresponding time in 1923. By the 
first week in August there were 3.2 times as many plants with leaf-infection 
and 3.0 times as ,many with nodal-bud-infection in 1927 as in 1923. However, 
there were only one-half as many plants infected in the tassel in 1927 as in 
1923. This irregularity in the prevalence of the smut for the two years is 
due, no doubt, to the fact that much of the corn was not in tassel when the 
second reading on smut-infection was made in 1927, whereas, in 1923 most 
of the corn was tasseled out before the first of August. By the end of Aug-
ust, when the last reading was made, there were 3.2 times as many plants 
with leaf-infection, 1.6 times as many with tassel-infection and 1.7 times as 
many with nodal~bud-infection in 1927 as in 1923. Ear infection was just 
beginning to mamifest itself when the last reading of smut-infection wa.s 
made in 1927, August 25 to 30, whereas, it was well established at the cor-
responding time in 1923. It is impossible, theTefore, to ,make a compari-
son of the total number of plants that were infected in the ear in 1923 and 
1927. 
WEATHER CONDITIONS IN JUNE, JULY AND AUGUS'r, 1923 AND 1927, AT 
AMES, IOWA. 
In an ·aittempt to determine whether the difference in the prevalence of 
corn smut in 1923 and 1927 was in any way dependent upon the weather, 
the reports of the United States Weather Bureau for Ames, Iowa, were re-
viewed. A summary of the records for June, July and August, 1923 and 
1927, is given in Table V. 
TABLE V. SUMMARY OF THE OPFICIAL WEATHER REPORTS FOR AMES, 
IOWA (JUNE, JULY AND AUGUST, 1923 AND 1927). 
Mean temp. Fahr. I Rainfall 
Year I June 
1923 I 71.0 
1927 66.9 
J.-=~---.--=N_o_._t~im-,-es~.----~..,-';-1,,,--~A~m,--,-t._in--.--,-i_ne_h_e~s.~--,-
I July I Aug. I June I July J Aug. J Total !June I July IAug. J Total 
I 77.2 I 70.1 I 10 I 3 I 16 I 29 I 5.29 I 0.69 I 7.81 , 13.79 75.3 68.4 11 8 9 28 I i.26 i.25 i.41 3.92 
Table V shows that the weather during June, July and August, 1927, 
was cooler and drier than during the corresponding months of 1923. The 
mean temperature for June, 1923, was 71.0° F., for July, 77.2° F., and 
for August, 70.1° F. For June, 1927, it was 66.9° F ., for July, 75.3° F., 
and for August, 68.4° F . During the three months included in the report 
13.79 inches of rain fell in 1923 and 3.92 inches in 1927. The rainfall for 
the three months was distributed as follows: In <Tune, 1923, it rained 10 
times with a total precipitation of 5.29 inches, whereas in June, 1927, it 
rained 11 times with a total precipitation of 1.26 inches. In July, 1923, 
there were three rainfalls, totalling 0.69 inches, a.nd in July, 1927, there 
were 8 rainfalls, totalling 1.26 inches. The precipitation for both years was 
greater in August than for June or July. In August, 1923, it rained 16 
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times with a total p1,ecipitation of 7.81 inches, and in August, 1927, there 
were 9 rainfalls totalling 1.41 inches. Though there was only one more 
rainfall in June, July and August, 1923, than there was during the corre-
sponding months in 1927, three and one-half times as much rain fell in 
1923 as in 1927. 
Though the observations for two years are not sufficient evidence upon 
which to 'base a definite conclusion, the above data indicate that, if weather 
conditions have any effect upon corn~smut infection, it is an effecit upon the 
host, ill! has been suggested by Potter and Melchers ( 14), rather than upon 
the pathogen. Since there was only one more rainfall in June, July and 
August, 1923, than during the corresponding months of 1927, it does not 
seem probable that rainfall, as a factor influencing the development of the 
pathogen, was directly responsible for the difference in the prevalence of 
corn~smut infection near Ames, Iowa, for these two years. As the germina-
tion of the chlamydospores of Ustilago zeae and the subsequent growth of 
the fungus occur readily in moist atmosphere at 20° to 30° C., the moisture 
and temperature relations for both years were such as to favor the develop-
ment of the fungus. However, since there was three and one-half times as 
much precipitation in June, July and August, 1923, as during these months 
in 1927, there was a marked difference in the growth of corn for the two 
years which may have influenced the prevalence of smut. For instance, it 
is known that corn-smut develops within 10 to 14 days after infection 
takes place and the observations of the writer showed that not much smut 
had developed until about the middle of July in 1923 and 1927. If, then, 
the weather in June is relatively cool and dry, as was the case in 1927, so 
that the growth of corn is greatly retarded, it is possible that warmer 
weather in July or August, accompanied by sufficient rain to produce a 
more rapid growth of corn after it has been thus retarded, may develop 
plants that are susceptible to infection by Ustilag.J zeae. 
DISTRIBUTION OF THE SMUT ON CORN PLANTS INFECTED WITH 
USTILAGO ZEAE 
In determining what parts of a corn plant are most commonly attacked 
by corn-smut, the position of each outbreak of the disease was noted on the 
fi27 diseased plants that were examined in 1927. The instances in w·hich 
more than one part of the plant had been attacked by the pathogen were 
recorded as well as the single infections. A summary of this study is pre-
sented in Table VI. 
By referring to Table VI, it may be noted that ,most of the smut-in-
fection was limited to one specific point on the plant. In 32.9 percent of 
the infected plants, smut occurred at several different points on the same 
plant. In 67.1 percent, however, it occurred at only one point on the 
plant, distributed as folloWIS: 11.3 percent were infected in the leai~blade, 
0.3 percent in the leaf-sheath, 24.5 percent in the tassel, 29.9 percent at 
the node, and 1.1 percent in the ear. Of those plants in which the smut 
was more ·general in its attack, 1.0 percent wer.e infected in the leaf-blade 
and leaf-sheath, 11.0 percent in the leaves and tassel, 7.0 percent in the 
leaves and at one or more nodes, 5.6 percent in the leaves, tu.ssel and at one 
or more nodes, 2.1 percent in the tassel and at one or more nodes, 4.1 
percent at two or more nodes and 0.3 percent in the ear and at one or more 
nodes. In 1.8 percent of the infected plants, the pathogene had attacked 
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the entire top of the plant so that it beca.me so misshapen that the specific 
points of infection could not be determined. 
TABLE VI. DISTRIBUTION OF THE SMUT ON 627 CORN PLANTS NATURAL· 
LY INFECTED WITH USTILAGO ZEAE in 1927 NEAR AMES, IOWA. 
Location of infection on plants 
Leaf blade only 
Leaf sheath only 
Leaf blade and sheath 
Leaf and tassel 
Leaf and one node 
Leaf and several nodes 
Leaf, tassel and one node 
Leaf, tassel and several nodes 
Tassel only 
Tassel and nodes 
One node only 
Several nodes 
Ear and nodes 
Ear only 
General attack 
Plants 
No. 
71 
2 
6 
69 
8 
36 
6 
29 
154 
13 
187 
26 
2 
7 
11 
infected 
Percent 
11.3 
0.3 
1.0 
11.0 
1.3 
5.7 
1.0 
4.6 
24.5 
2.1 
29.9 
4.1 
0.3 
1.1 
1.8 
The data presented in Table VI shQW that the most smut occurred at 
the nodes. Of 627 plants infected with the disease, 307 showed nodal-
infection and of these 187 were infected at one node only. As has been 
pointed out by other workers, it was noted by the writer that nodal-infec-
tion is almost exclusively due to infection of the axillary buds. It was 
noted, also, that the buds at the lower nodes, the second and fifth from the 
base of the plant, are most commonly infected. It appears, therefore, that 
the most vulnerable point for infection of Z eae rnays by U stilago zeae in the 
field is the axillary buds at the lower nodes of the plants. 
In studying the distribution of smut on the corn plant, it was noted 
t.hait leaf-infection ,manifests itself in various ways. The infected areas 
may be only discolored, as is shown in Figs. 1, 2 and 3 of Plate IA and Fig. 
3 of Plate IB. These discolored area:s are usually in the form of small irregu-
lar, yellow iblotches. Sometimes, however, they oecur in streaks or large 
blotches. Occasionally, dark red spots 1a.re found in the infeeited area. A 
characteristic example of this type of infeotion is shown in Figs. 1 and 2 
of Plate IB. Small boils, on the other hand, are also formed on the leaves as 
may be seen in Fig:s. 1 and 2 of Plate IB and Fig. 3 of Plate IIA. A very 
common symptom of the disease on the leaves is the entire necrosis of the 
inf.emed tissues and the tearing or dropping out of the diseased portion. 
Exampkis of this symptom are shown in Plate IIA and B. 
It is evident, therefore, that leaf-infection is very easily overlooked in 
the field, as it is not always possible to attribute the chlorotic and necrotic 
symptoms to the true cause. They may be mistakenly attributed to causes 
other than smut infection or may be regarded ·as smut symptoms when they 
are not. On the other hand, the chlorotic symptoms often disappear en-
tirely as the plants grow older and are thus not observed. 
ARTIFICIAL INFECTION OF CORN WITH TJSTILAGO ZEAE 
In artificially testing the susceptibility of corn to infection by U sti"lago 
zeae, a hypodermic needle was not used, first, because injecting a sporidial 
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suspension into the meristematic tissue of the plant excludes penetration 
of the pathogen into its host, and, second, because this method is not com-
parable to what takes place under natural conditions in the field. Experi-
ments were conducted, theTefore, in which plants of successive sizes were 
treated in various ways as hereinafter described. Some of the experiments 
were conducted in the laboratory, others in the greenhouse and in the field. 
MaterUils and rnethods. 
Ohlamydospor.es, applied as a dust, and sporidia in suspension in dis-
tilled water or dilute carrot decoction, were used in the experiments. About 
100 smut boils were gathered during the fall of 1926 near Iowa State 
C'Alllege, Ames, Iowa. A relrutively clean supply of spores was secured by 
crushing a 1a.rge number of these boils into a powder and sifting the 
crushed material through a fine meshed sieve. Their viability was teste<l 
by dusting some of them on the surface of agar agar to which a small 
~mount of benzaldehyde had been added. In these tests 75 to 80 percent 
of them proved to be viable. 
The sporidi:al suspension was sprayed on the plant or plant part to 
be inoculated with an atomizer or was dropped on with a pipette or a 
syringe. In making some of the sporidial suspensi-0ns, large petri dishes 
were used and the chlamydo&'J>Ores were dusted on the surface of a thin 
layer of agar agar to which a small amount of benzaldehyde had been added. 
The cultures were kept at 30° C. in an electrically controlled oven for 24 
to 36 hours. By this time the sporidia had formed in abundance and by 
washing the surface of the agar agar with distilled water a sporidial sus-
pension of required concentration was obtained. Concentrations which, 
when examined with the high-power objective of a microscope, showed frOJTt 
50 to 100 sporidia to a field were used in the experiments. 
Suspensions -0f pure cultures of sporidia were used in sQrne of the ex-
periments. To obtain a pure culture of sporidia, chlamydospores were 
washed in an aqueous solution of mercuric chloride (one part HgCl2 in 
10,000 parts of H 20 by weight) for two minutes, after which they were 
rinsed in sterile, distilled water. These spores were germinated on sterile 
agar agar to which a small amount of benzaldehyde was added. The 
sporidia were then transferred to carrot-agar slants by means of a sterile 
needle. From these stock cultures, transfers were made into sterile carrot-
deooction prepared by boiling 200 g. of sliced carrots in 1000 c.c. of dis-
tilled water for one-half hour, straining the juice through a cloth and ster-
ilizing irt in an autoclave for one hour at 10 to 15 pounds pressure. The 
cultures thus prepared in carrot-decoction we1'e allowed to grow four to 
six days and were then diluted with distilled water to the concentration of 
sporidia that was desired for the experiments. The viability of the 
sporidia was tested by injecting the suspension by means of a hypodermic 
needle into the growing tip of sweet corn plants (var. Golden Bantam) 
about six inches tall. Of the 25 plants thus inoculated, 23 were infected 
and developed smut boils on the leaves and stalk within 10 days after inoou-
lation. The sporidia were, therefore, viable. 
As temperature and humidity are two environmental factors to which 
corn is subjected in the open, these two factors were recorded for each ex-
periment. Because the morphology of the corn plant in its development 
from a seedling to a mature plant varies greatly, specia:l note was made of 
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this factor in each experiment. Three kinds of corn were used as host 
plants in the different experiments, namely, popcorn (var. Japanese Hul-
less), sweet corn (var. Golden Bantam) and dent corn (var. Reid's Yel-
low Dent, strain Iodent No. 25). 
Infection of seedlings less than one foot tall. 
A series of experiments in which corn seedlings. were treated with 
spores of Ustilago zeae was conducted in the laboratory. Sweet corn (var. 
Golden Bailltam) was p'lanted in small flower pots, one piJ.ant to a pot, and 
aJlowed to grow to the desired size. Three different sizes were used; plants 
frqm one-half to two inches tall in which the coleoptile was not yet pierced, 
plants two to four inches tall in which the coleoptile was pierced and one 
or two leaves were unfolded, and plants four to six inches tall with three 
or four leaves unfolded. Some plants were treated by dusting th.em with 
chlamydospores, others by spraying them with a suspension of sporidia in 
distilled water. 
The plants dusted with ~hlamydospores were placed in moist cham-
bers and kept at 20°, 25° and 30° C., respectively, in electrically controlled 
oveI11S for 24 to 96 hours. Those sprayed with a sporidial susp.ension also 
were kept in moist chambers at 20°, 25° and 30° C., for three to 96 hours. 
Ten plants were treated in each trial. As checks, treated plants and un-
treated plants were placed on a table in the laboratory where the tempera-
ture ranged from 20° to 25° C. All plants were subsequently kept in the 
open air of the laboratory three to four weeks and exa,mined daily for the 
development of smut. 
Infection of seedlings under the environmental conditions to which the 
plants of this series of experiments had been subjected was not very suc-
cessful. The treated plants often showed chlorosis of the leaves. It was 
difficult, however, to determine whether the chlorosis was due to an attack 
by smut because the chec~s occasionally showed similar chlorosis. In no 
case did the plants develop smut boils. 
Another series of experiments in which corn seedlings were treated with 
spores of Ustilago zeae was conducted in the greenhouse. Popcorn (var. 
Japanese Hulless), sweet corn (var. Golden Bantam), and dent corn (var. 
Reid's Yellow Dent, strain Iodent No. 25) were grown in flower ports, three 
plants to a pot. The seedlings were treated at different stages of growth, 
ranging from four inches tall with the first leaf beginning to unfold to ten 
inches tall with two or three leaves unfolded. 
In this series of tests, 48 plants were dusted with chlamydospores, 89 
were sprayed with a sporidial suspension and 206 were treated by drop-
ping the sporidia1 suspension into the terminal leaf-spirals with a pipette. 
Care was taken in each case not to injure the plants in any way. 
After the plants were treated they were subjected to different humidity 
and temperature relations. Some were kept on the greenhouse bench, some 
in humidity cages and some in a moist chamber. The air of the greenhouse 
usually was relatively dry and hot. The temperature, however, fluctuated 
between 20° and 35° C. The air of the humidity cages was relatively 
ln]imid and cool. The cages were made of cloth over ·a greenhouse bench 
and were four feet 'high and three feet square in cross section. The air 
was kept moist and cool by a constant spray of water on the sandy bottom 
and over the cloth walls. The plants were kept in these cages from one to 
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three days after being treated and were then placed on the greenhouse 
bench and examined daily for the development of smut. 
The moist chamber used in this series of experiments was made of 
window-sashes. It was three feet wide, five feet long and four feet high, 
with glass sides and top. The bottom was made of wood covered with a 
lay.er of coarse gravel upon which was placed a thick layer of Sphagnum. 
The air in the c:iliamber was kept at 30° to 35° C. and at a relative humidity 
o:f 100 percent. The plants wer.e kept in the moist chamber one to three 
days after being treated and were subsequently placed on the greenhouse 
bench where they could be examined daily for the development of smut. 
In each of the experiments, untreated plants were used as checks, and 
the results of the entire series of tests are shown in Table VII. 
The data in Table VII show that 7 percent of the 343 seedlings that 
were exposed to the spores became infected, w heroos the checks remained 
uninfected. The plants manifested the disease on the young leaves as they 
unfo1ded :from the terminal leaf-spirals within 10 days after they became 
TABLE VII. PERCENTAGE OF INFECTION ON CORN SEEDLINGS, FOUR 
INCHES TO TEN INCHES TALI~, TREATED WIITH CHLAMYDOSPORES OR 
SPORIDIA AND SUBJECTED TO VARIOUS HUMIDITY AND TEMPERATURE 
RELATIONS IN THE GREEN HOUSE. 
Kind No. H umidity and Percentage 
of corn pl. Spores temperature pl. inf. 
P opcorn 18 Chlamydospores Humidity cages, 20° -25°C. 16.6" 
Sweetcorn 16 " " " " " Dentcorn 14 " " " " " Ck. 10 " " " " " Popcorn 16 Sporidia' 
" " " " Sweetcorn 15 " " " " " Dentcorn 13 " " " " " Ck. 10 
" " " " " Popcorn 15 
" Greenhouse Lench 25° -30°C. Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Ck. 10 
" " " " " Popcorn 15 Sporidia' Moist chamber, 30° -35°C. 
Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Ck. 10 " " " " " Popcorn 28 " Humidity cages, 20° -25°0. Sweetcorn 23 
" " " " " Dentcorn 20 " " " " " Ck. 30 " " " " " Popcorn 15 " Greenhouse bench 25° -35°C. Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Ck. 10 " " " " " Popcorn 15 " " " 20° -30°C. Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Ck. 10 " " " " " Totals 343 
1
-Sporidial suspension used as a spray. 
'-sporidial suspension dropped into the terminal leaf-spirals. 
"-indicates. chlorosis and necrosis of infected tissues. 
"-indicates development of smut boils. 
12.5" 
0 
0 
0 
0 
15.0a+b 
0 
0 
0 
0 
0 
0 
66.6" 
13.3" 
0 
0 
0 
5.o• 
0 
0 
0 
0 
0 
0 
26.6" 
0 
0 
7.0 
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infected. Some of the diseased I.eaves showed only chlorotic and necrotic 
areas. Others, however, developed small smut-boils. The percntage 
of infection was highest with the sweet corn and least with the popcorn. 
Of 114 sweet corn plants that were exposed to the spores, 13.1 percent be-
came diseased, whereas 4.6 p.ercent of 107 dent corn plants became infected 
and 2.5 percent of 122 popcorn plants. 
The results obtained in these experiments did not present any conclu-
sive evidence in regard to the relation of infection to temperature and 
humidity. Likewise no conclusive evidence was obtained in regard to the 
best method of applying the spores because 10.4 percent of the 48 plants 
that were dusted with chlamydospores became infected and 8.2 percent of 
the 206 planrts that were treated by dropping a sporidial suspension into 
the terminal leaf-spirals became infected. 
Infection of plants one foot to one and one-half feet tall. 
In the above series of experiments it was noted that the larger seed-
lings, plants about 10 inches tall, were more readily infected than the 
smaller ones by dropping the sporidial suspension into the terminal leaf. 
spirals. A series of experiments was planned, therefore, in whieh plants 
one foot to one and one-half feet tall were treated with chlamydospores or 
sporidia. In these experiments, popcorn (var. Japanese Hulless), sweet-
corn (var. Golden Bantam), dent corn (var. Reid's Yellow Dent, strain 
Iodent No. 25), and inbred strains of several different varieties of dent corn 
were used as hosts. These strains had been selfed in t'he field for three or 
four years. On strains 1 S to 25 S a relatively high percentage of smut 
had developed each year that they were grown. On strains 1 R to 15 R 
no smut had developed for four years1 • 
Corn pfants for the experiments were grown singly in six-inc:h flower 
pots in the greenhouse until they were one foot to one and one-half feet 
tall. Some of the plants were then dusted with chlamydoorpores and others 
were treated by dropping a suspension of sporidia in carrot decoction into 
the terminal leaf-spirals with a syringe. Care was taken in each case to 
avoid injuring the plants. The end of the syringe was never inserted into 
the leaf-spirals nor allowed to come in contact with the leaves. 
After the plants were trewted they were subjected to various humidity 
and temperature relations by using the greenhouse bench, the humidity 
cages, and the moist chamber as in the preceding experi;lllent. After one to 
three days all were placed on the greenhouse bench. The relative humidity 
of the air in the green!house was not very constant. It was kept compara-
tively high by frequently spraying the floors and benches with water and 
by keeping the ventilators closed. As checks in these expe11iments, some 
plants were left untreated and some were treated with a dilute carrot de-
coction containing no sporidia. All plants were examined daily for symp-
toms of infection and only that infection which occurred within 10 to 15 
days was considered to be artificial. The results of the tests are presented 
in Tables VIII and IX. 
'The writer is indebted to Dr. M. 'l'. Jenkins of the Office of Cereal Investigations, 
U. S. Dept. Agr., Washington, D. C., from whom the seed of the inbred strains of 
corn were obtained. 
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TABLE VIII. PERCENTAGE OF INFECTION ON CORN PLANTS, ONE FOOT 
TO ONE AND ONE-HALF FEET TALL, TREATED WITH CHLAMYDOSPORES 
OR SPORIDIA AND SUBJECTED TO VARIOUS HUMIDITY AND TEMPERA-
TURE RELATIONS IN THE GREENHOUSE. 
Kind of /No., 
corn pl. Spores Humidity and temperature 
Popcorn 20 Chlamydospores Humidity cages 20°-30°C. 
Sweetcorn 18 " " " " " Dentcorn 10 " " " " " Sweetcorn 48 " Moist chamber 25° -35°C. 
Sweetcorn 126 Sporidia Greenhouse bench 20° -30°C. 
Dentcorn 69 " " " " " Popcorn 15 " " " 25° -35°C. Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Popcorn 15 " Humidity cages 20°-25°C. Sweetcorn 15 " " " " " Dentcorn 15 " " " " " Sweetcorn 87 " Moist chamber 30° -35°C. Totals 468 
Ck. 218 
•- indicates chlorosis and necrosis of infected tissues. 
•-indicates development of smut boils. 
\ Percentage 
plant inf. 
. -5.o·--
1i.1• 
20.0• 
8.3 ... 
32.5· 
28.9 
0.0 
60.0· 
0.0 
20.0• 
66.6" 
20.0· 
57.4• 
30.9 
1.3 
By referring to Table VIII it may be noted that 30.9 percent of the 
468 plants that were treated became infected, whereas only 1.3 percent of 
the 218 checks showed sympto;ms of smut. The sweetcorn was again more 
susceptible than the dent corn, which, in turn, was more susceptible than 
the popcorn. As the temperature and humidity relations to which the 
plants were subjected were not definitely controlled, but were simply ob-
served and recorded, the data do not present conclusive evidence of their 
significance to infection. However, temperatures ranging from 20° to 
35° C. were favorable to an effective inoculation and high relative humidity 
seemed to favor infection. 
'l'he results of the experiments indicate that plants one foot to one and 
one-half feet tall are more 1susceptible to infection than seedlings less than 
one foot tall. They also indicate that dropping a suspension of sporidia 
into the terminal leaf-spirals of the plants is a more effective method of 
obtaining artificial infection than dusting the plants with chlamydospores. 
Of the 96 plants that were dusted with chlamydospores, 9.3 percent became 
infected, whereas 36.5 percent of .the 372 plants that were treated by drop-
ping a suspension of sporidia into the terminal leaf-spirals showed symp-
toms of smut. 
Most of the infection obtained by dropping the ,sporidial suspension 
into the leaf-spirals of the plants occurred on the leaves as chlorosis and 
necrosis of the infected tissues. In many cases the diiScolored areas entirely 
disappeared as the plants grew larger, though, occasionally, small boils 
developed on the infected leaves, as shown in Plate IIIA. Some of the larger 
plants, however, developed smut boils on the tassels and at the upper nodes 
due to infection of the growing tips. Examples of such an infection are 
shown in Plate IIIB, C, IV and V. 
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TABLE IX. PERCENTAGE m~ INFECTION ON SEEDLINGS OF INBRED 
STRAINS OF DENT CORN TREATED WITH SPORIDIA AND SUBJECTED TO 
VARIOUS HUMIDITY AND TEMPERATURE RELATIONS IN THE GREEN-
Strain 
1 s 
2 s 
3 s 
4 s 
5 s 
6 s 
7 s 
8 s 
9 s 
10 s 
11 s 
12 s 
13 s 
14 s 
15 s 
16 s 
17 s 
18 s 
19 s 
20 s 
21 s 
22 s 
23 s 
24 s 
25 s 
Totals 
Ck. 
1 R 
2 R 
3 R 
4 R 
5 R 
6 R 
7 R 
8 R 
9 R 
10 R 
11 R 
12 R 
13 R 
14 R 
15 R 
Totals 
Ck. 
I 
Number 
plants 
exposed 
19 
21 
15 
13 
18 
19 
20 
9 
16 
18 
21 
22 
21 
21 
21 
6 
6 
6 
4 
2 
6 
6 
2 
3 
4 
319 
50 
2 
5 
7 
5 
3 
6 
7 
4 
1 
1 
1 
1 
1 
1 
1 
46 
23 
HOUSE. 
Location 
Greenhouse bench 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " ! " " " " I " " 
" " 
" " 
" " 
" " 
G reenh~:mse bench 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
Temperature I Number and percent 
plants infected 
25°-30°C. I 14• 73.6 
" " 
9•+1b 47.6 
" " 
5• 66.6 
" " 
5• 38.4 
" " 
6. 33.3 
" " 
5• 26.3 
" " 
4• 20.0 
" " 
1• 11.1 
" " 
4• 25.0 
" " 
11•+1b 66.6 
" " 
6. 28.5 
" " 
6. 27.2 
" " 
7• 33.3 
" " 
7• 33.3 
" " 8" 38.l 
" " 0 0.0 
" " 0 0.0 
" " 0 0.0 
" " 
1. I 25.0 " " 0 0.0 
" " 0 I 0.0 " " 0 0.0 
" " 0 I 0.0 " " l" 33.3 
" " 
p 25.0 
103 32.6 
1 2.0 
25°-30°C. I l" 50.0 
" " 0 0.0 
" " 
2• 28.5 
" " 0 0.0 
" " 0 0.0 
" " 0 0.0 
" " 0 0.0 
" " 
2• 50.0 
" " 0 0.0 
" " 0 0.0 
" " 0 0.0 
" " l" 100.0 
" " l" 100.0 
" " 0 0.0 
" " 0 I 
0.0 
7 15.2 
0 0.0 
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TABLE IX. CONTINUED 
Strain 
Number 
exposed 
plants 
Location l Temperature I Number and percent plants infected 
1 s 3 ! Humidity cages I 20°-25°0. 2 s 2 " " " " 
3 s 3 " " " " 
4 s 2 " " " " 
5 s 2 " " " 
,, 
6 s 3 " " " " 
7 s 2 ,, " " " 
8 s 1 I " " " " 
9 s 3 " " " " 
10 s 2 " " " " 
11 s 2 " " " " 
12 s 3 " " " " 
13 s 2 ,. ,, " 
,, 
14 s 2 ,, ,, " " 
15 s 3 ,, ,, ,, ,, 
Totals 35 
Ck. 29 
2 R 1 Humidity cages 
,1 
20° -25°c. 
3 R 1 ,, ,, " " 
8 R 1 " " 
I 
" " 
11 R 1 " " " " 
14 R 1 " " 
,, ,, 
15 R 1 I 
Totals 6 I Ck. 6 
'-indicates chlorosis and necrosis of infected tissues. 
•-indicates development of smut boils. 
1 a 33.3 
0 0.0 
2· 66.6 
0 0.0 
1. 50.0 
l " 33.3 
0 0.0 
0 0.0 
l' 33.3 
la 
I 
50.0 
0 0.0 
l" 33.3 
0 
I 
0.0 
1' 50.0 
l" 33.3 
10 28.5 
0 0.0 
la 100.0 
I 0 0.0 1. 100.0 
0 0.0 
0 0.0 
l' 
I 
100.0 
3• 50.0 
0 0.0 
The data presented in Ta:ble IX show that by dropping a suspension 
of sporidia into the terminal leaf-spirals of the plants of inbTed strains of 
corn, infections were obtained in the strains that showed resistance in the 
field as well as in the strains that were susceptible. Of the 406 plants that 
were thus exposed, 123 became infected, wlhereas only one of the 108 plants 
used as checks showed symptoms of smut. 'Dhe strains ithat had developed 
smut in the field for several . yearn proved to be quite susceptible to infec-
tion in the greenhouse. Of the 354 plants that were exposed by dropping 
the sporidial suspension into the terminal leaf-spirals, 32 percent became 
infected. However, due to a lack of sufficient seed, enough trials were not 
made with each strain to obtain conclusive results. The stmins that had 
not developed ,smut in the field for several years did not show the same 
degree of resistance to infection in the greenhouse. Twenty percent of the 
52 plants that were exposed with the sporidial suspension beca;me infected. 
With these strains, also, it was impossible to obtain conclusive results due 
to a lack of seed. 
Of the plants that were kept on the greenhouse bench at 25° to 30° C., 
30.1 percent ·became infected, and 31.6 percent of those placed in the 
humidity cages at 20° to 25° C. Therefore, it seems that the difference 
in the humidity and temperature of the two environments did not influence 
infection. 
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Infection of plants two to four feet tall. 
-Much of the Il.8ltural infection of corn by Ustilago zeae seems to take 
place when the plants are approaching maturity. Such attacks produce 
smut at the ·lower nodes and on the ears. A series of experiments was con-
ducted, therefore, in which plants ranging from two to four feet tall were 
treated in various ways. Popcorn (var. Japanese Hulless), sweetcorn 
(var. Golden Bantam), and dent corn (var. Reid's Yellow Dent, strain 
Iodent No. 25) were grown in the greenhouse for these experiments. 
Six-inch flower pots were used for plants two to three feet tall and 
two--galilon earthen jars for the more mature plants. Some of the plant!'; 
were dusted with chlamydospores, some were sprayed with a suspension of 
sporidia in distilled water and some were exposed by dropping a suspen-
sion of spo:vidia in carrot decoction into the terminal leaf-spirals of the 
plants just before the tassels appeared. Some of the plants were mutilated 
TABLE X. PERCENTAGE OF INFEC'l'ION ON THE PLANTS TWO TO FOUR 
FEET TALL TREATED WITH CHLAMYDOSPORES OR SPORIDIA AND SUB-
JECTED TO VARIOUS HUMIDITY AND TEMPERATURE RELATIONS IN 
Kind of 
eorn 
Number 
plants 
treated 
THE GREENHOUSE. 
Spores Location 
Sweetcorn 30 
II 
Chlamydospores Greenhouse bench 
Dentcorn 30 " " " 
Sweetcorn 30 I " Moist chamber Sweetcorn 19c " " " 
Porcorn 55• l Sporidia Greenhouse bench Sweetcorn s2• " " " Sweetcorn 25c+d " " " 
Dentcorn 554 " " " Porcorn I 55• " Humidity cages Sweetcorn 55• " " " 
Dentcorn 55• " " " 
Sweetcorn 52• " Moist chamber 
Sweetcorn 33• " " " Sweetcorn 65d 
" " " Sweet.r.orn 20•+• " " " Sweetcorn 42• " " " Sweetcorn rn• " " " Sweetcorn 20• " " " Sweetcorn is• " " " 
Totals 757 
Ck. 324 
Sweetcorn I 81' Sporidia Greenhouse bench Ck. 81 
Sweetcorn I 106' " " Ck. 200 
•-indicates chlorosis and necrosis of infected tissues. 
•-indicates development of smut boils. 
•-plants mutilated before treating with spores. 
•-suspension of sporidia used as a spray. 
•-suspension of sporidia dropped into leaf-spirals. 
' - suspension of sporidia dropped behind leaf-sheaths. 
"-suspension of sporidia dropped into ends of ears. 
" 
I Percent Tempera- plants 
tures infected 
. 
20° -30°C. 0.0 
" " 0.0 25° -35°C. 0.0 
" " 0.0 20° -30°C. 0.0 
" " 
10.9b 
" " 0.0 
" " 0.0 20°-25°C. 0.0 
" " 0.0 
" " 0.0 18° -20°C. 0.0 
" " 
3.0a+b 
20° -25°C. 0.0 
" " 0.0 
" " 
0.0 
25° -35°C. 0.0 
" " 0.0 30°-35°C. 11.1• 
1.6 
2.5 
20° -30°C. i.2• 
0.0 
" " 
36.s• 
0.0 
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by piercing and crushing the leaves and ste.m before they were exposed 
with the spores. As in previous experiments, t:he plants were subjected to 
various temperature and humidity relations after they were exposed and 
untreated plants were used as checks. 
In another series <>f experiments, an attempt was made to infect the 
axiJlary buds and young ears of the plants. The sporidial suspension was 
dropped behind the leaf-sheaths and into the distal end of the young ear. 
'rhe results of these two series of experiments are summarized in Table X. 
As may be noted by referring to Table X, plants two to four feet tall 
were not readily infected artificially in the greenhouse. Only 1.6 percent 
of the 757 plants that were exposed became infected, whereas 2.5 percent 
of the 324 checks showed symptoms of sml+t. None of the plants that were 
dusted with chlamydospores were infected. Likewise, none of the plants 
that had been mutilated developed any smut. Five plants that had been 
exposed with a suspension of sporidia developed smut boils. Whether these 
were artificially infected is not known, since a higher percentage of the 
checks became diseased. Only one <>f the 81 plants that were exposed by 
dropping the sporidial suspension behind the leaf-sheaths became infected. 
This plant developed a smut boil on one of the rudimentary ears and was 
probably artifieially infected since none of the checks developed any smut. 
Artificial infection of the young ears was quite successful. Of the 106 
plants that were exposed by dropping the sporidial suspension into the 
ends of the ears, 36.8 percent developed smutted ears. Since none of the 
200 plants used ais checks produced smutted ears, the smut on the exposed 
plants was undoubtedly produced from artificial infee;tion. 
Infection of plants in the field. 
During the summer of 1927, corn was exposed in the field by dropping 
a suspension of sporidia in car·rot decoction into the terminal leaf-spirals 
o:f the p:lants. A glass pipette was used in exposing the small plants and a 
veterinary's syringe for the large plants. Ca.Te was taken in each case not 
to injure the plants with the instrument. In order that different sizes of 
plants might be exposed under similar climatic conditions, several succes-
sive plantings of corn were made during the su.mmer. On May 13, pop-
corn (var. Japanese Hulless), sweet corn (var. Golden Bantam), and dent 
corn (var. Reid's Yellow Dent, strain Iodent No. 25) were sown in rows 
three feet apart. The kernels were placed two to three inches apart. 
Treatment of this corn was begun June 16, when the plants were six inches 
to one foot tall, and was continued until July 13, when the plants were 
three to four feet tall. Treatments were made twice daily, in the morning 
and evening, for the first ten days. Fifty to 100 plants were exposed each 
time. As checl«>, the p'lants of adjacent rows were not exposed. 
On May 20, two rows of popcorn (var. Japanese Hulless) were planted, 
in which three to five kernels were planted in ·h~Us two feet apart. Treait-
ment of the plants of one of these rows was begun July 4, when the corn 
was 10 to 12 inches tall, and was continued every second day until July 12. 
Twenty-four plants were exposed daily during this time. The p'lants of 
the other row of this planting wiere used as checks. 
Another planting of popcorn (var. Japanese Hulless), sweetcorn (var. 
Gdlden Bantam), dent corn (viar. Reids Yellow Dent, stra~n Iodent No. 25) 
was made June 10. This corn was planted in hills three feet apart with 
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three to four kernels to a hill. Treatment was begun July 4, when the corn 
was six inches to one foot tall and was continued every second day until 
July 28, when the corn was three to five feet tall. Some plants were ex-
posed daily for the first ten days. Plants of alternate rows were left un-
treated as checks. 
Several rows of dent corn (var. Reid's Ydlow Dent, strain Iodent No. 
25) were planted June 15, in hills three feet apart. Treatment of this 
corn was begun July 7, when the plants were e:i:ght inches to one foot tall 
and was continued daily until July 12, when the plants were albout two feet 
ta'll. Just before the tassels began to show, plants four to five feet tall 
wer e exposed August 1 to 3. Adjacent rows of corn were used as checks. 
A third planting of popcorn (var. Japanese Hulless) , sweetcorn (var. 
Golden Bantam) and dent corn (var. Reid's Yellow Dent, strain Iodent 
No. 25) was made June 18. The corn was planted in hills three feet ap::vrt , 
with three to five kernels fo a hill. Treatments were made August 1, 3, 5, 
and 7. On August 1, the popcorn was two to three feet ta:ll, the sweetcorn 
two and one-half feet tall and the dent corn three to four feet tall. TJ::ie 
tassels could not be seen on any of the corn at this date. By August 7, the 
tassels of most of the corn were beginning to appear. As in previous ex-
periments, plants not exposed in alternate rows were used as checks. 
The corn in each of the above series of experiments was examined daily 
for symptoms of smut. A record was kept of the number of exposed plants 
that beca.me infected and the number of infected checks (Table XI). 
TABLE XI. PERCENTAGE OF INF ECTION ON CORN TREATED IN THE 
FIELD BY DROPPING A SUSPENSION OF SPORIDIA INTO THE TERMINAL 
LEAF-SPIRALS. 
Kind of 
corn 
Popcorn 
Sweetcorn 
Dentcorn 
Popcorn 
Popcorn 
Sweetcorn 
Dentcorn 
Dentcorn 
Popcorn 
Sweetcorn 
Dentcorn 
Totals 
Date 
planted 
May 13 
" " 
" " May 20 
June 10 
" " 
" " 
" 15 
" 18 
" " 
" " 
June 
" 
'' 
July 
" 
" 
" 
" Aug. 
" 
" 
Date 
treated 
16-Jul. 13 
" " " 
" " " 
4-Jul. 12 
" " 16 
" " 
28 
" " " 7-Aug. 3 
1-Aug. 3 
1· " 7 
" " " 
I I I Checks 
-----! No. 'No. & perrentl No. !No. & percent plants plts infected! plants! plants :f,nf. I 
1179 5 
I 
0.4 1163 0 0.0 
1158 31 2.6 1275 27 2.1 
782 5 0.6 856 4 0.4 
138 22 15.9 157 42 26.6 
332 0 0.0 383 0 0.0 
512 9 1. 7 531 3 0.5 
518 74 14.2 509 53 10.4 
810 47 5.8 770 51 6.6 
100 4 1.0 100 0 0.0 
363 5 1.3 224 1 0.4 
338 19 5.6 309 13 4.2 
6230 218 3.5 6277 I 194 I 3.1 
Artificial infection of cQll'Il in the field by dropping a sporidial sus 
pension into the terminal leaf-spirals wais not very successful, as may be 
noted by ref.erring to Ta:ble XI. Of the 6,230 plants that were thus ex-
posed, 3.5 percent became infected. However, 3.1 percent -0f the 6,277 
plants used as checks were diseased with corn smut. In no case, there.fore, 
was the percentage of infected plants much higher in the exposd corn than 
in the checks. In two series of the experiments, on the other hand, the 
checks showed a higher percentage of infection than the exposed plants. 
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DISCUSSION 
A review of recent studies on the infection of Zeae mays by Ustilago 
ieae presents two distinct interpretations of the data that have been gath-
ered. In the first place, the results of the work of Christensen and Stak-
man (3) and Stakman and Christensen (15) indicate that the factors gov-
erning infection are largely dependent on the biological condition of the 
pathogen. 
On the other hand, the findings of Hayes et al (7), Garber and Quisen-
berry (5), Immer (9), and Griffiths (6) suggest that resistance and sus-
cepti1bility of corn to smut are dependent upon the morphology of com 
plants. It is worthy o.f note, also, to recall that Brefeld (2) selected plants 
about one foot tall with characteristically large, 0pen terminal leaf-spirals 
in the series of experiments in which he obtained 100 percent infection. 
Apparently, the structure o.f the terminal leaf-spirals of these plants was 
an important factor in inducing such a high percentage of infection in his 
experiments. 
From the results obtained in the foregoing experiments in which plants 
were infected by dropping sporidial suspensions into the terminal leaf-
spirals, it seems evident that corn plants about one foot tall are more sus-
ceptible to infection by corn smut than either smaller or larger plants. The 
exp1anation, in all probability, lies in the difference in the morphology of 
the plants in these successive stages of growth. This difference in 
morphology may be noted by examining the transverse and longitudinal sec-
tions of plants in various stages of development. Diagrams of sections of a 
plant five inches tall and of one fifteen inches tall are shown in Plates VI 
to IX. 
In small corn seedlings the growing tip is very short and, together 
with numerous delicate leaf-primordia, is deeply set in the enveloping 
leaves that have unfolded. The unfolding leaves are rather firmly packed 
together in these plants. As the plants grow larger, however, the growing 
tip becomes longer and the enveloping, unfolding leaves become less com-
pact. At this stage of growth, the growing tip and the delri.cate leaf-
primordia surrounding it are accessible, therefore, to a suspension of 
sporidia dropped into the characteristic iterminal leaf-spirals formed by 
the unfolding 1eaves. It is the delicate leaf-primordia and the growing 
tip or tassel that become infected when plants are exposed by this method. 
On the other hand, plants two to four feet tall may, likewise, be mor-
phologically protected against infection when a suspension of sporidia is 
dropped into their terminal leaf-spirals. Though the tassels of some of the 
plants at this stage of growth are istiH env1eloped by the upper leaves they 
are almost completely developed by this time. It is possible, therefore, that 
their exposed surface is covered throughout with firm epidermal tissue, 
which the germinating sporidia may not be ~ble to penetrate. 
The survey of natural infection by U stilago zeae in the field showed 
that the axillary buds are most commonly infected. Though an attempt 
was made to infect these buds artificially, sufficient trials were not made 
with different stag.es of development of the buds to obtain conclusive data 
regarding the relation of the morphology of the corn plants to infection of 
these buds. The biological differences between various strains of corn 
and the ibidlogical differences between the various strains of smut prob-
ably are influencing factors to natural infection by Ustilago zeae. How-
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ever a consideration of the relation of the morphology of the corn plant to 
infection must not be overlooked. The gross morphology of different strains 
of corn may vary sufficiently at corresponding stages of growth so that 
susceptible parts of the plant may be more openly exposed to an attack by 
smut in some strains than they are in others. Resistance to smut, there-
fore, may be largely morphological rather than biological. 
It is especially necessary to consider the ,morphological factor in select-
ing a method of artificially infecting various strains of corn to determine 
their relative resistance to smut. Injecting a sporidial suspension into the 
meristematic tissues of the plants, the method that is commonly used at 
present, does not take the morphological factor ·into consideration because 
it excludes the factor of penetration by the pathogen into its host. It 
appears, therefore, that dropping a suspension of sporidia into the termi-
nal leaf-spirals or on other susceptible paTts of the plants that are accessible 
from the exterior is a better method because it is more comparable to what 
must take place in nature. 
SUMMARY 
A survey of corn smurt near Ames, Iowa, in 1923 and 1927 showed that 
the disease was more prevalent in 1927. The mean temperature during 
the growing season of 1927 was somew1iat lower than that of 1923 and the 
rainfall was much less. During June, July and August, 1923, there were 
29 rainfans and in the corresponding time, 1927, there were 28. How-
ever, during three months in 1923, 13.79 inches of rain fell and only 3.92 
inches in 1927. A season in which relatively cool, dry weather in June 
was followed 'by a period of rain and higher temperature seemed to favor 
the disease. 
Cor.n smut did not manifest itself much before July 20. Beginning 
about this time, there was a distinct, successive manifestation of rthe dis-
ease on diff.eTent parts of the plants. It wias first found to be most preva-
lent on the leaves, then on the tassels, next rat the nodes, and finally on 
the ears. Infection of the axillary buds at the nodes, however, was more 
common than attacks on any other part of the plants. 
Most of the smut was limited to individual, specific parts of the plants. 
In 67.1 percent of 627 diseased plrants, mrly one part of the plant was at-
tacked. In 32.9 -percent of the plants, two or more parts of the stalk were 
infected and in jl.8 percent the entire top of the p'lant was attacked so 
thrut the specific1points of infecti-0n could not be determined. 
A study of leaf-infection showed that it manif.ests . itself in various 
ways. The infected areas may be sma!ll, irregular, yellow blotches and oc-
casionally dark red spots are found in the infected area. The diseased por-
tion of the Jeaf is often crinkled so that its surfaC':l is wavy instead of flat. 
A common symptom of the disease is the entire necrosis of the infected tis-
sues and the tearing or dropping out of the diseased portion. The chlorotic 
areas, on the other hand, may disappear entirely as the 'leaf grows older. 
Smut boils may also form on the leaves and they are usually relatively small. 
Artificial infection of corn with Ustilago zeae indicated that plants 
from one foot to one and one-half feet ta'll were more susceptible to infec-
tion than either smaller plants, one-half inch to ten inches tall, or larger 
plants, two to four feet tall. 
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Apparently, plants about one foot tall expose the growing tip and the 
delicate young leaves surrounding it, to such a degree that they are acces-
sible to the spores. In smaller plants the growing tips are too deeply 
seated and protected to be readily reached by a dust or a spray of the 
spores. Plants more than two feet tall, on the other hand, have growing 
tips that are a1lmost fully developed. Their exposed surfaces are probably 
covered throughout with firm epidermal tissue which may be impenetra;ble 
to the g:erm-tubes of the sporidia. 
Experiments conducted in the greenhouse showed that sweetcorn (var. 
Golden Bantam) was more susceptible to Ustilago zeae than dent corn (var. 
Reid's Yellow Dent, strain Iodent No. 25), which in turn was more suscep-
tible than popcorn (var. Japanese H ulfoss). 
Inbred strains of dent corn that had not developed smut in the field 
for several years, did not show the same degree of resistance to infection in 
the greenhouse when a sporidial suspension was dropped into the terminal 
leaf-spiral of the plants. 
Dropping a suspension of sporidia into the ter,minal leaf-spirals of the 
plants was more successful in producing infection than dusting them with 
chlamydospores or spraying them with a suspension of sporidia. 
Mutilating the P'lants before dusting them with chlamydospores or 
spraying them with a suspension of sporidia did not induce infection. 
Tempemtures ranging from 20° to 35° C. were favorable to an effect-
ive, artificial infection and a high relative humidity seemed to favor infec-
tion. 
Dropping the sporidial suspenson behind the leaf-sheaths in an at-
t~pt to infect the axillary buds was not ·successful. However, young ears 
were readily infected by dropping the suspension into their distal ends. 
Artificial infection of corn in the field during the summer of 1927 by 
dropping a suspension of sporidia into the terminal leaf-spirals was not 
very successful. 
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Plate IA. Chlorotie symptoms of corn-smut infection on the leaves. 
}'igs. 1 and 2. Portion of a lea.f showing large yellow blotches with occasional dark 
red spots. 
Fig. 3. Tip of leaf showing small yellow blotches and a yellow streak along the midrib. 
Plate IB. Chlorotic symptoms of corn-smut infection on the leaves. 
Figs. 1 and 2. Portion of a leaf showing characteristic darkened areas and yellow 
spots; b, a small boil. 
Fig. 3. Portion of a leaf showing a series of small yellow spots along the midrib and 
yellow streaks along the margin. 
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Plate IIA. Chlorotic and necrotic symptoms of corn-smut infection on t he leaves. 
}'igs. 1 to 3. Portions of leaves showing cha1·acteristic yellow and red blotehing and 
torn necl'Otic areas; b, a small boil. 
Plate IIB. Necrotic symptoms of corn-smut infection on the leaves. 
Figs. 1 to 3. Portions of a leaf showing torn necl'Otic areas. 
. -
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Plate IIIA. Infect ion on the leaf of a sweetcorn plant, rnr. Golden Bantam, treated by 
rlropping a sporiclial suspension into the terminal leaf-spiral when the pla nt was 15 
inches tall wi th seven leaves unfokl ed. 
Plate IIIB. Infection of sweetcorn , var. Golden Bantam, obtained by dusting chlamy-
<losporcs into the terminal leaf -spir:iJ. 
l·' ig. 1. Jnfrcted upper leaf and t assel of a plant treated when 13 inches tall with six 
lea1·es unfolded.' 
Fig. 2. The 11ext lower leaf of t he same plant showing infected areas. 
Plate llIC. Infection on the upper leaf and the tassel of a dentcorn plant, rnr. Reid's 
Yellow Dent, strain Todcnt No. 25, t reated by dropping a sporidial suspension into the 
terminal leaf~piral when the plant was 14 inches tall with six leaves unfolded. 
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Plate IV. Infection on the tassel and upper leaves of a dentcom plant, var Reid 's 
Yell ow Dent, strain Iodent No. 25, treated by dropping a sporidia l suspension into t he 
t Prminal leaf·spiral when the plant was 16 inches tall with seven leaves unfolded. 
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PlntP V. TnfrdPd tassPl of plant shown on Platp JV. 
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PJ,ATE VI. 
Plate VI. Diagram of a portion of a transverse section through the growing tip of a 
corn plant five inches tall with three leave8 unfolded. 
a. Growing tip. 
b. Firmly packed overlappings of the innermost leaf of the terminal spiral. 
c. Next older leaf of the spiral. 
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PLATE VII. 
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Plate VII. Diagram of a pm·tion of the longitudinal section through the growing t ip of 
a corn plant five inches tall with three leaves unfolded. 
a. Growing tip. 
b. Leaf primordium. 
c. First leaf of plant. 
d. Fifth leaf of plant. 
e. First node. 
f. First internode. 
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PLATE VIII. 
--a. 
Plate VIII. Diagram of a portion of a transverse section through the growing tip of a 
corn plant 15 inches tall with the seventh leaf unfolded. 
a. Growing tip. 
b. Overlapping of the innermost leaves of the terminal spiral. 
c. Interspace between the overlappings of the leaves. 
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PLATE IX. 
-- cl 
Plate IX. Diagram of a portion of a longitudinal section through the growing tip of 
a corn plant 15 inches tall with the seventh lP.af unfolded. 
a. Growing tip (tassel). 
b. Overlappings of the innermost leaf. 
c. Overlappings of the second oldest leaf. 
d. Overlappings of the third oldest leaf. 
e. Overlappings of the fourth oldest leaf. 
f. Internode. 
g. Node. 
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